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P a r t  I
Two e p im e rie  a lc o h o ls  ( 3u-Lydroxy~3 
m e th y lc h o lo c ta n e  and 3p~*liydrQxy~~3&~a<2th y le h o le s ta n e ) 
have been p re p a re d  fro©  eh o les tan o n e  and c h a ra c te r i s e d  
a s  t h e i r  p -n i t r o b e n z o a te s .  T h e ir  c o n f ig u ra t io n s
have been a s s ig n e d . The p o s i t io n  o f  th e  e th y le n ic  
l in k a g e  in  t h e i r  anhydr o-d  e r  iv  & t iv  e ha s been shown 
to  be a t  G^sC^. T his compound was c h a ra c te r is e d  by 
c o n v e rs io n  to i t s  ep im eric  dibrom iues* 3 p«* 
M eti^y len e th o lestan e  h a s  been p rep a red  and a lso  
c h a r a c te r i s e d  by tra n s fo rm a tio n  in to  i t s  iso m e ric  
d ib ro m id es . A ll fo u r  compounds a f f o rd  in  h ig h  y ie ld  
th e  same 3 fu c h Io ro -3a -m e th y lc h o le s ta n e  on tre a tm e n t 
w ith  'hydrogen c h lo r id e .  The p ro c e s s  i s  co n s id e red  
to  be k i n e t i c a l l y  r a th e r  th an  therm odynam ically  
c o n t r o l l e d . C orresponding ex p e rim en ts  w ith  hydrogen 
brom ide a f f o rd  3P-brom o-3n-m8 th y lc h o l© s ta n e .
H eduetion  o f  th e se  two h a l id e s  w ith  l i th iu m  and 
l i q u i d  ammonia a f f o r d s ,  a f t e r  p ro fa n a t io n ,  3p- 
meth y lo h o le s ta n e . T h is  compound h a s  a lso  been 
p re p a re d  in  an unambiguous way.
Part I I
3 P -A c e to x y a n d ro s ta n e - ll  :1 7 -d io n e , co n v e n ien tly  
a v a i la b le  by th e  d e g ra d a tio n  of h ec o g en in , h as  been 
c o n v e rte d , by f i s s i o n  and subsequen t r e d o s u r e  o f  
th e  bond and by o th e r  a p p ro p r ia te  m a n ip u la tio n s ,
in to  3 P -b y d ro x y -1 8 -b en zy lid en e-1 4  i a o >17 is o -a l lo p re g n a a  
l l i 2 0 - d io n e .  R eduction  o f  th e  1 1 -ca rb o n y l group o f  
th e  l i t t e r  to  l lp -h y d ro x y l fo llo w ed  by o z o n o ly tic  
c leav ag e  o f th e  b en zy lid en e  group a f f o rd s  th e  masked 
aldehyde system  c h a r a c t e r i s t i c  o f a ld o s te ro n e . Under 
a  d i f f e r e n t  s e t  o f  c o n d i t io n s  f i s s i o n  and r e c lo s u re  o f 
t h i s  system  le d  to  th e  13 i s o : 17 is o -a l lo p re g n a n e  s e r i e s  
th e s e  ex p e rim en ts  open up ro u te s  f o r  th e  p re p a ra t io n  
o f  two o f th e  p o s s ib le  th re e  s ta b le  co n fo rm atio n s  o f  
th e  0/£ ~ s te r o id  r in g  sy stem i n  which b e a rs  an 
oxygen atom. A ttem pte to  s y n th e s is e  th e  th i r d
(n o rm al) iso m er a re  d escrib ed *
XTOEX
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1Ih e  S^2 p ro c e s s  o f  rm e le o p h il ic  a l i p h a t i c
s u b s t i t u t i o n  u s u a l ly  r e s u l t s  in  th e  in v e r s io n  o f
c o n f ig u r a t io n ,  f o r  th e  t r a n s i t i o n  s t a t e  le a d in g  to
in v e r s io n  h as  l e s s  i n t e r n a l  energy  th a n  t h a t  le a d in g
t o  r e t e n t io n  o f  s te r e o c h e m is t ry .  However, i n  th e
ea se  o f  a n  S T^1 p ro c e s s ,  i n  which a  p rim ary  h e t e r o ly s i s
le a d s  t o  a  carbonium  io n ,  a  racem ie  m ix tu re  w i l l  be
o b ta in e d  w henever th e  carbonium  io n  has a  l o n g - l i f e ,  a s
in  th e  ca se  o f  i t s  s t a b i l i z a t i o n  by mesomerism. In
some c a s e s ,  n e v e r th e le s s ,  a  s l i g h t  e x c e ss  o f  in v e r s io n
1 2o v e r  r a c e m is a t io n  has been re c o rd e d  * • The s tu d y  
Of th e  S ^ l s u b s t i t u t i o n  in  system s i n  which th e  energy  
C on ten t o f  th e  s te re o is o m e rs  i s  d i f f e r e n t  ( a s  in  
a l i e y c l i e  compounds) may have g r e a t  i n t e r e s t ,  th e  
s u b je c t  h av in g  n o t been e x te n s iv e ly  in v e s t ig a te d .  fh e  
r e c o g n i t io n  o f  t h i s  was th e  main re a s o n  f o r  th e  p re s e n t  
i n v e s t i g a t i o n .  F o r o u r work a  t e r t i a r y  carbonium  io n  
was ch o sen , s in c e  t e r t i a r y  carbonium  io n s  a r e  e a s i ly  
g e n e ra te d  and a r e  th e  b e s t  s u i t e d  f o r  such  a  s tu d y .
C ho lestanone  ( I )  ( e a s i l y  o b ta in e d  from  c h o le s te r o l  
by s u c c e s s iv e  h y d ro g en a tio n  and chrom ic a c id  o x id a tio n )  
on t r e a tm e n t w ith  th e  m ethy l G rig n ard  re a g e n t y ie ld e d  
th e  e p im e ric  a l c o h o l s ^ * ( I l j  and ( I I I )  w hich were
2( V )
A
( v i )
V I I I
3c h a ra c te r i s e d  as th e  r e s p e c t iv e  js -n i tro b e n s o a te s .
Both a lc o h o ls  y ie ld e d  th e  same, known, anhydro- 
d e r i v a t i v e ' ' ^ ( I V )  on tre a tm e n t w ith  a c e t ic  a c id -  
p e r c h lo r ic  a c id  ( t r a c e ) .  T hat the  double  bond o f th e  
l a t t e r  compound was lo c a te d  a t  Cg (a  s i t u a t i o n  which was 
ex p ec ted  in  view  o f the  p r e f e r r e d  © n o lis a tio n  o f  th e  
3-k e to  s te ro id ©  tow ards Cg r a th e r  th an  tow ards C^) was 
r ig o ro u s ly  proved  by s u b je c t in g  (IV) to  su c c e s s iv e  
o x id a tio n s  w ith  osmium t e t r o x i d e ,  le a d  t e t r a - a c e t a t e  
and sodium hypobrom ite . In  f a c t ,  from such r e a c t io n s ,  
©ecooh o le a ta n e -2 13 -d io ic  a c id  (V) was o b ta in e d .
For f u r t h e r  c h a r a c te r i s a t io n  3 -m eth y le h o le s t - 2-en e  
was t r e a te d  w ith  brom ine. Chromatography o v er a lum ina 
o f  th e  m ix tu re  o f the two ep im eric  d ib ro m id es th u s  
o b ta in e d  gave a s  th e  m ajor p ro d u c t 2ps3c-dibromo-3{3- 
m e th y lc h o le s ta n e  (VI ) ,  to g e th e r  w ith  a sm all amount o f  
2as3(3-d ib rom o-3c-m ethy lcho lestane ( VI I ) .  The a s s ig n e d  
c o n f ig u ra t io n s  a re  based on th e  w ell e s ta b l i s h e d  p r in c ip le  
o f  th e  p r e f e r r e d  d ia x ia l  a d d i t io n  and on th e  r e l a t i v e  
r o t a t i o n s  [[a )^+ 8 9 ° fo r  (VI) and -1 3 °  f o r  ( VI I ) ]  as  
compared w ith  th o s e  o f the  2j3s3u-dibrom ooholestan©  
and i t s  2a t 3 p~epimer8 +76® and - 29° r e s p e c t iv e ly ) .
M oreover, i n  good agreem ent w ith  th e  a s s ig n e d  
co n fig u ra tio n ® , the d ia x ia l  d ibrom ide (VI) was l e s s
4s tro n g ly  adso rbed  on alum ina than  i t s  isom er (V II) and 
th e  f i r s t  cou ld  be co n v e rted  in to  th e  1 At t e r  by
o
p ro lo n g ed  h e a t in g  in  ch lo ro fo rm  s o lu t io n  • F u rth e rm o re ,
th e  d ia x ia l  ep im er (VI) showed bands in  th e  i n f r a - r e d
—1a t  537 and 547 cm and th e  d ie q u a to r ia l  d ibrom ide
—1 9bands a t  752 and 804 cm in  e x c e l l e n t  agreem ent (see
ta b le  I )  w ith  th e  a s c r ib e d  s te re o c h e m is try .
C o n fig u ra tio n s  were g iven  to  th e  ep im erie  t e r t i a r y
a lc o h o ls  (IX) and ( I I I )  from th e  fo llo w in g  ev id en ce .
T reatm ent o f 3-m e th y lch o lest-2 -en ©  w ith  p e rb en zo ic  a c id
a f fo rd e d  an epox ide (V III)  which gave th e  a lc o h o l ( I I )
ily YTiiiuUTY*
an re d u c t io n  w ith  li th iu m ^ h y d r id e . The d ia x ia l  epoxide
'i'ABLJS I 10
C h a r a c te r i s t i c  S tr e tc h in g  F req u en c ies  f o r  C-X Bonds in  
cy e lo Hexane B ing Systems
Frequency ran g e  (esq* ***)
'Bond - ------- ------- --- -—  ----------  >--------------- -----
E q u a to r ia l A xial
sec* C-B 2155-2162; 2171-2177 2114-2138; 2139'
sec* 0-0  
0?"0—OB 1037-1044 996-1036
sec* 0-0  
ofC -O A e 1013-1022 1025-1031
sec* 0-0  
oSTc-OM.
1100-1104 1086-1090
0-01 736-856 646-730
O-Br 682-833 542-692
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6opening r u le  r e q u ir e s  t h a t  the  hydroxy l group formed
by r e d u c t io n  be a x i a l ,  t h a t  i s ,  a - o r ie n te d  a s  i n  ( I I ) .
I t  fo llo w s  th e r e fo r e  t h a t ,  a s  i t  would be e x p e c te d , th e
epoxide h a s  th e  a - c o n f ig u r a t io n 5 th e  observed  carb o n -
oxygen s t r e t c h in g  f re q u e n c ie s  a t  940 and 893 cm*"'*’ ( in
11carbon .d isu lp h ld e  s o lu t io n )  were i n  agreem ent w ith  th e
p resen ce  o f e q u a to r ia l  and a x ia l  hydroxy l g ro u p s ,
r e s p e c t iv e ly .  In  p e r f e c t  agreem ent w ith  th e  in d ic a te d
s te re o c h e m is try  i s  a lso  th e  b eh av io u r o f  th e  a lc o h o ls
when su b m itted  to  d e h y d ra tio n  w ith  phosphorus oxy c h lo r id e
i n  p y r id in e  s o lu t io n .  fh e  a x ia l  a lc o h o l ( I I )  a f fo rd e d
in  h ig h  y i e ld  3 -m e th y lc h o le s t-2 -ene (IT ) w hereas the
e q u a to r ia l  ©pimer ( I I I )  was co n v erted  in to  a  m ix tu re
o f  iso m eric  o le f in s  which was shown to be s u b s t a n t i a l ly
(IX) by th e  i n f r a - r e d  spectrum  [maxima a t  883 ( s tro n g )
and X647 cm~^; in  H u j o l ] ,  by i t s  co n v e rs io n  in to
ch o les tan o n e  ( I )  on su c c e s s iv e  o x id a tio n  w ith  osmium
te t r o x id e  and le a d  t e t r a - a c e t a t e ,  and a lso  by d i r e c t
com parison w ith  a pure sample o f  th e  o l e f in  (IX) r e a d i ly
12o b ta in e d  by th e  W ittig  r e a c t io n  • fh e  e x o c y c lic  
o l e f in  was f u r th e r  c h a ra c te r i s e d  by i t s  co n v e rs io n  in to  
th e  ©pimerio d ib rom ides (X) and (XI) which were d i f f e r e n t  
from th o se  o b ta in e d  from  (IV ). C onfiguration®  were
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t e n t a t i v e ly  a ss ig n ed  to the  d ib rom ides (X) andAon the
Sb a s is  o f  th e  p r in c ip le  o f  p re fe r re d  d ia x ia l  a d d i t io n  
and because the  ma^or dibrom ide [ 3a (a x ia l) -b ro m id e  (X)] 
was th e rm a lly  l e s s  s ta b le  th an  th e  3fK e q u a to ria l)~ ep im er.
ih e  a -a lc o h o l  ( I I )  , in  w hich th e  h y d ro x y l group 
i s  a x i a l ,  p o s s e s s e s  fo u r  c e n tr e s  (2P-H, 0^ , and 
5<i~QK) in  th e  same p la n e , b e in g  th e re fo r e  fav o u rab ly  
d isp o sed  to  e l im in a te  w ater tow ards C^* fh e  same does 
n o t  ap p ly  to  th e  p -a lc o h o l ( I I I )  w ith  th e  hyd roxy l 
group e q u a to r ia l ly  o r ie n te d ,  f o r  i t  h as  no c o p lan a r  
a-hydrogen  atom . Co p la n a r i ty  can , how ever, be ach iev ed  
w ith  th e  a id  o f a hydrogen from th e  3-m eth y l g roup , 
th u s  g iv in g  th e  e x o c y e lic  o l e f in  (IX ) 0
P r io r  to  th e  p re p a ra t io n  o f  (IX) by th e  Wit t i g  
r e a c t io n  an a tte m p t was made to o b ta in  i t  th ro u g h  a 
B eform atshy r e a c t io n  w ith  o h o le s ta n o n e . fwo ep im eric  
e s t e r s  (X IlJ  and ( XI I I )  were th u s  o b ta in e d  which on 
h y d ro ly s is  v i t h  e th a a o l ic  po tassium  h y drox ide  y ie ld e d  
th e  iso m e ric  a c id s  (XIV) and (XV), r e s p e c t iv e ly .  I f  
th e  mechanism o f  p y ro ly s is  i s  t h a t  shown on page 7 
th e n  e i t h e r  a c id  should  have a f fo rd e d  th e  o l e f in  (IX) 
when p y ro ly se d . However, p y ro ly s is  o f  (XIV) and (XV) 
gave p u re  3*-m @ thylcholest-2-en e  i n  one ea se  and a 
m ix tu re , p o s s ib ly  o f  t h i s  w ith  ( IX) ,  in  th e  o th e r .
/ X I /
(0
( x  VI  i )
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T his unexpected  r e s u l t  to g e th e r  w ith  our i n t e r e s t  in  
th e  d e te rm in a tio n  o f e o n f i g u ra tio n s  f o r  th e  p ro d u c ts  o f  
th e  Reform ataky r e a c t io n  i s  le a d in g  us to  r e in v e s t ig a te  
t h i s  problem  in  th e  n e a r  f u tu r e .
tre a tm e n t o f  th e  a lc o h o ls  ( I I )  and ( I I I ) ,  th e  3 - 
met h y lc h a l e s t - 2-e n e  o r  the 3-m e th y le n e e h o le s ta n e  w ith  
a  s o lu t io n  o f  hydrogen c h lo r id e  in  d ioxan a t  room 
te m p era tu re  gave th e  sane c h lo r id e  m .p. 154-6%  [n]^+33° 
i n  ap p ro x im ate ly  75$ i s o l a te d  y i e ld .  The t o t a l  y ie ld  
o f  th e  c h lo r id e  was shown to  be 32$ by th e  is o  to p ic  
d i l u t i o n  m ethod. This c h lo r id e  showed an in f r a - r e d  
freq u en cy  ( in  carbon d is u lp h id e  s o lu t io n )  a t  782 cm , 
co rresp o n d in g ^  to an e q u a to r ia l  c h lo r in e  ( s e e  Table I ) .  
The c h lo r id e  on c o l l id in e  d © h y d ro ch lo rin a tio n  a ffo rd e d  
th e  o l e f i n  (IX) which was c h a r a c te r i s e d  by i t s  co n version  
in to  the ep im erie  d ib rom ides (X) and (XI) and by 
su c c e s s iv e  o x id a tio n  w ith  osmium te t r o x id e  and le a d  
t e t r a - a c e t a t e  to  c h o le s ta n o M . The d i r e c t io n  o f 
e l im in a t io n  o f  h yd ivg en  c h lo r id e  i s  consonant w ith  th e  
c h lo r in e  b e in g  e q u a to r ia l  ( p ) ,  n o t a x ia l  ( a ) .  The sum 
©f th e s e  f a c t s  le d  u s  to  f o im i ta te  th e  c h lo r id e  as the 
3 p- c h i o r  o-3a-me th y l  ch o le s  tan e  (XVI; X « 0 1 ). Thi s 
was re g a rd ed  a s  th e  more s ta b le  epim er s in c e  "1-m e th y l-  
ey c lo h ex y l c h lo r id e ,  where th e  m olecu le  i s  f r e e  to
11
ad o p t e i t h e r  con fo rm ation  fo r  th e  C-Cl bond, showed
on ly  an in f r a - r e d  fraq u an ey  ( in  ca rbon  d is u lp h id e
v —1 9s o lu t io n )  a t  772 cm , c h a r a c te r i s t i c ^  o f e q u a to r ia l
c h lo r in e  (se e  fa b le  I ) .
p  th e s e  f o u r  r e a c t io n s ,  ms w e ll a s  in  th e  hydro ch lo r­
in a t io n  o f  c h o le s t-5 -e n e  (XVII) to g iv e  5 u -c h lo ro -  
c h o le s t a n e ^  (XVII I ) ,  th e  m ajor p ro d u c t was the  more 
s ta b le  isom er* i 'h is  c o n c lu s io n  would be s e l f - e v id e n t  
i f  th e  r e a c t io n s  were r e v e r s ib l e  and th e re fo r e  thermo­
d y n am ica lly  c o n tro lle d *  However, a t  l e a s t  i n  th e  case  
Of th e  c h lo r id e  (XVI) , t h i s  doe© n o t seem to  be th e  
c a s e , f o r  i t s  e x te n t  o f  s o lv o ly s is  i n  90$ aqueous 
d ioxan a t  20u was n e g l ig ib le  even a f t e r  seven days 
(com plete  re c o v e ry  o f s t a r t i n g  m a te r ia l )*  In  c o n t r a s t ,  
th e  approxim ate tim es of h a l f - r e a c t io n  f o r  th e  fo rm a tio n  
o f  th e  c h lo r id e  were as fo llow s* from th e  o le f in  ( IV) ,
13 m in u te s ; from th e  a -a lc o h o l  ( I I ) ,  30 m in u tes ; from 
th e  p-aX cohol ( I I I ) ,  4 h o u rs . We reg a rd ed  th e  fo rm atio n  
o f  th e  more s ta b le  e#imer as  a  r a t e - c o n t r o l l e d  and n o t 
a  th e rm o d y n a m ic a lly -c o n tro lled  p ro c e s s  i n  view o f th e  
f a s t  r a t a  o f  fo rm a tio n  o f th e  c h lo r id e  a s  compared 
is ith  th a t  o f  it®  h y d r o ly s is .
fh e  fo rm a tio n  o f  the 3p -e h lo ro -3u-m ethy lcho lestan©
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may proceed  d i r e c t l y  th rough  the  carbonium io n  o r
th ro u g h  th e  o l e f in  (IT ) s in c e  th e  r a t e  o f  r e a c t io n
o f  (IV) w ith  hydrogen c h lo r id e  i s  so f a s t .  In  o rd e r
to  b r in g  some l i g h t  to t h i s  problem  a l l  th e  experim en ts
p re v io u s ly  made w ith  hydrogen c h lo r id e  were re p e a te d
w ith  deu terium  c h lo r id e  and th e  d eu terium  co n ten t o f
each specim en m easured. A p p ro p ria te  m easurem ents
showed t h a t  th e re  was no exchange o f  deu terium  e i t h e r
w ith  th e  c h lo r id e  once formed o r  w ith  th e  so lv e n t.
The p ro c e s s  used  fo r  th e  q u a n t i t a t iv e  e s tim a tio n  of
deu terium  c o n s is te d  in  th e  study  o f th e  com parative a re a s
4- » 1o f  th e  C-D a b s o rp tio n  bands in  th e  in f r a - r e d  a t  2205 -1 5 cm 
©f the d e u te ra te d  c h lo r id e  and o f  a s ta n d a rd  su b stan ce  
w ith  su p p o sed ly  one -QE^B group. An assum ption  h as  to  
be made, o f  c o u rse , t h a t  th e  i n t e n s i t y  o f  C-B bands 
w i l l  be in d ep en d en t o f  m o lecu la r env ironm ent. The 
s ta n d a rd  compound used  was th e  d e u te ra te d  a-am yrin  
a c e ta te  (o b ta in e d  by open ing  Hie cy c lo p ropane 
r in g  o f  p h y lla n tk y l  a c e ta te  w ith  d eu terium  c h l o r id e ^ )  • 
f r i o r  to  t h i s  wort: i t  would have been ex p ec ted  th a t  fcfcl 
th e  specim ens o f  th e  c h lo r id e  would c o n ta in  one atom 
o f  deu terium  i f  th e  r e a c t io n  proceeded  e x c lu s iv e ly  
th ro u g h  th e  o l e f in  ( I ? ) .  The q u a n t i t a t iv e  d e te rm in a tio n
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o f  deu terium  fu rn is h e d  the fo llo w in g  values*  c h lo r id e  
o b ta in e d  from th e  o l e f in  ( I V ) , 1 atom o f  deu terium ; 
c h lo r id e  from th e  a -a lc o h o l  (XX), 0*87 atoms o f 
d eu te riu m ; c h lo r id e  from th e  p -a le o h o l (III-)# 0 .64 
atoms o f  d eu te riu m . I t  was th e r e fo r e  ooncluded th a t  
th e  carbonium io n  once form ed i s  in  p a r t  co n v erted  in to  
o l e f i n  and i n  p e r t  d i r e c t ly  in to  c h lo r id e ,  th e  l a t t e r  
p ro c e ss  a t  l e a s t  b e in g  i r r e v e r s i b l e  and th u s  g iv in g  
in fo rm a tio n  abou t the s te re o c h e m is try  in v o lv e d .
However, when th e  e s tim a tio n  o f d eu te riu m  in  Hie 
same samples was re p e a te d  u s in g  a n o th e r  tech n iq u e  the  
r e s u l t s  in d ic a te d  t h a t  th e  deu terium  c o n te n ts  were 
a p p re c ia b ly  g r e a te r  Hi an th o se  d e s c r ib e d  above. (See 
b e lo w ).
A nother problem  o f  i n t e r e s t  would be th e  com parison 
o f  th e  s t e r e o s p e c i f i c i t y  o f  a d d i t io n  o f  c h lo r in e  or 
brom ine to  th e  e th y le n ie  lin k a g e  w ith  th a t  o f  hydrogen
c h lo r id e ,  a l l  a d d i t io n s  being  o f  th e  io n ic  ty p e . I t
i s  i n  f a c t  knovm th a t  a d d i t io n  o f e h lo r in e  o r bromine 
to  a  eycloheaane system  i s  o f  th e  t r a n a - i o n ic  type
g
y ie ld in g  m ain ly  the  d ia x ia l  i s m e r  • fh e  f i r s t
s te p  i n  the  a d d i t io n  i s  'the  fo rm a tio n  o f  a  th r e e -
membered in te rm e d ia te .  X his th e n  o p en s , by a t ta c k
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o f  th e  n u c le o p h ile ,  to  g iv e  a  d ia x ia l  p ro d u c t -  
a  co u rse  s im i la r  to  t h a t  o f  the open ing  o f  an epox ide .
fhe  a d d i t io n  o f  h a lo g en s  to  e th y le n ic  linkage©
in  cyc lohexane system© does n o t  alw ays fo llo w  th e
same course# For in s t a n c e ,  in  th e  case  of c h o le s t -
2-en e  th e  a d d i t io n  p ro d u c t i s  d i a x i a l l y  s u b s t i tu te d
and th e  r e a c t io n  fo llo w s  th e  la rk o w n ik o ff  r u l e ,
P e r e a s  in  th e  a d d i t io n  o f halogen  to  th e  5 : 6-d o u b le
bond o f  c h o le s te ro l  end i t s  co n g en ers , in  which the
halonium  io n  i s  formed on th e  l e s s  h in d e re d  a - s id e
o f  th e  m o lecu le  to y ie ld  th e  5a s 6p - d ih a l id e ,  the
1*5p ro ce ss  i s  com pleted non -k ark o w n ik o ff-w ise  • In  th e  
same way, a d d i t io n  o f hydrogen c h lo r id e  to  e h o le s t - 5-  
ene and ; 3-x & sth y lch o le s t-2-e n e  cannot be o f  analogous 
s te re o ch e m ic a l form . ih® r e c e n t  work o f  Gorey on 
th e  d e te rm in a tio n  o f  th e  c o n f ig u ra t io n  o f  deu terium  
atoms in  d e u te ra te d  o rg a n ic  compounds by th e  in f r a - r e d  
method made p o s s ib le  the  easy stu d y  o f th e  mechanism
»  > 0  -  £K »  .0 -  0 
/  I
H(e) B r(a )
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o f  a d d i t io n  of compounds of th e  IX type to  cyclohexane 
system s f o r  th e  c o n f ig u ra t io n s  o f  bo th  h a lv e s  o f the  
addendum can e a s i ly  be determ ined* In  o rd e r  to  
examine th e  s te reo ch em ica l course  o f  such a d d i t io n s  
e h o le s t~ 5~ene was t r e a te d  w ith  d eu terium  c h lo r id e  in  
d ioxan  as had p re v io u s ly  been done f o r  the fo rm a tio n  
o f  3 p ~ ch lo ro -3 a~ m eth y l~ eh alestan e  (see  ab o v e ). fhe 
m easurem ents o f the  0-1  f re q u e n c ie s  were made w ith  
s p e c ia l  accu racy  by D r• A .l* f a r t i n  o f Messrs* S ir  
Howard Grubb, P a rso n s  and Co. ,  h a w c a s tle , u s in g  the  
new Grubb P arso n s  G ra tin g  S p ec tro m e te r; f o r  t h i s  
we thank  him v e ry  much. ih e  d e u te ro c h lo r id e  p rep ared  
from th e  3-m e th y le h o le s t - 2-en e  showed 0 -1  f re q u e n c ie s  
a t  2158 and 2174 cm* c h a r a c t e r i s t i c  o f  e q u a to r ia l  
deuterium * i'hs a d d i t io n  pz'oduct was th e r e fo r e  the 
2a -d e u te ro c h lo r id e  b e in g  the a d d i t io n  tr a n a  and 
d i e q u a to r i a l ; in  c o n t r a s t ,  a d d i t io n  o f  p u re  deuterium  
c h lo r id e  to  o h o le s t - 5-e n e  a f fo rd e d  a c h lo r id e  ( 5&- 
c l ilo ro c h o le s ta n e } which had C-D f re q u e n c ie s  a t  2158 
and 21 $7 cm*1 a lso  c h a r a c t e r i s t i c 1^ o f  e q u a to r ia l  
d e u te riu m , th e  p ro d u c t being  th e  S a -d e u te ro c h lo r id e  
and th e  a d d i t io n  c i s - e q u a to r ia l  t a x i a l • fh e  e a s i e s t
e x p la n a tio n  o f  th e s e  r e s u l t s  would be th a t  th e  f i r s t
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s te p  o f  th e  a d d i t io n  was th e  fo rm a tio n  o f a  t f -
complex w ith  the p ro to n  on the  l e s s  h in d e re d  a - s id e
o f  th e  m olecu le  which would th e n  re a r ra n g e  to g ive
a  c l a s s i c a l  carbonium io n  and t h i s  add an an io n  to
g iv e  th e  more s ta b le  o f  t he ' t wo p o s s ib le  iso m ers .
U n fo r tu n a te ly  th e se  r e s u l t s  were l a t e r  in v a l id a te d
when a n o th e r  p ro c e ss  o f q u a n t i t a t iv e  d e te rm in a tio n
o f  deu teriu m  was u se d . She l a  tier* showed th a t  the
© h lo rid es p rep a red  from the  3-^m eth y lch o lea t-2-en e
and chQ lest~ 5«@ne by r e a c t io n  w ith  deu terium  c h lo r id e
c o n ta in e d  1 .4 6  and 1 .49  atoms o f d e u te r iu m , r e s p e c t iv e ly .
t h i s  p ro c e s s  was as  fo llow s*  ih e  sample was combusted
in  a  co n v e n tio n a l com bustion t r a i n ,  th e  w ate r c o l le c te d
and s to re d  in  a s e a le d  ampoule. 2?he w a te r  sample was
th en  compared w ith a  Known s ta n d a rd  in  a r a t i o
re c o rd in g  in f r a - r e d  sp e c tro m e te r and th e  c o n c e n tra t io n
o f  s’snd from a c a l ib r a t i o n  curve o f  th e  o p t ic a l
-1d e n s i ty  a t  2490 cm. a g a in s t  atom p e rc e n t  Such
a  d if f e r e n c e  in  th e  a n a ly se s  can be ex p la in e d  i f  the  
a -am y rin  a c e ta te  p re p a re d  from p h y lls n th y l  a c e ta te  by
tre a tm e n t w ith  deu terium  c h lo r id e  co n ta in e d  more than
•?*
one atom o f  d eu te riu m . ' I t  m ight a ls o  be ex p ec ted
#  fh e  open ing  o f cy c lo p ropane r in g s  i s  a t  p re s e n t  be ing  
in v e s t ig a te d  (B arto n , E g lin to n  and Rodger, p r iv a te  
oommunication) and p re lim in a ry  r e s u l t s  in d ic a te  th a t  
more th a n  one deu terium  atom may be in tro d u c e d .
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t.£L0,t 3, 0—jJ b&nd , j^U£>t Q.B Si w—II b&ilfi , Will V&ry ill
i n t e n s i t y  and in  freq u en cy  i t h  env ironm ent, 
p a r t i c u l a r l y  when in  th e  v i c i n i t y  o f p o la r  groups 
(0=0, C -Br, 0-01 e t c . )  and when in  some s u i ta b le  
con fo rm ation  fo r  maximum d ip o la r  in te ra c t io n *
When some o f the above d e s c r ib e d  ex perim en ts f o r  
hydrogen c h lo r id e  were re p e a te d  u s in g  hydrogen brom ide 
3 fWbromo-3& ~m ethylcholestane ( tv i*  X=Br) was o b ta in ed
-s<»i n  15$ ( i s o la te d )  y ie ld ."  The c o n f ig u ra t io n  a ss ig n ed
i s  based 6m th e  in f r a - r e d  freq u en cy  a t  780 cm"*^
( in  carbon d is u lp h id e  s o lu t io n )  c h a r a c te r i s t i c ^  o f
e q u a to r ia l  bromine ( s ee  Table X).
I t  i s  g e n e ra lly  accep ted  t h a t  r e d u c t io n s  p ro ceed in g
th rough  ca rb an io n s  u s u a l ly  a f fo rd  th e  therm odynam ically
17 18 IQmore s ta b le  p ro d u c t * 9 • The e x p la n a tio n  g iv en
f o r  such s te re o c h e m ic a l p re fe re n c e s  i s  t h a t  a 
ca rb an io n  has a t e t r a h e d r a l  c o n f ig u ra t io n  in  which the  
f r e e  e le c t ro n  p a i r  h as  the  r e q u ire d  o r ie n ta t io n  to 
y i e ld ,  on p ro to n a tio n , th e  s o re  s ta b le  isom er. I f  
t h i s  i s  sc  then  the s t e r i e  req u irem e n ts  o f  a C-C bona,
# The i s o to p ic  d i l u t i o n  method could  n o t  be a p p lie d  
In  t h i s  c a s e ,  a s  th e  brom ide (XVI j X = Br) had been 
shown to  exchange deu teriu m  slow ly  u n d er th e  c o n d itio n s  
o f  i t s  fo rm a tio n .
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a  ca rb an io n  and a C-H bond have to  be in  a d im in ish in g
o rd e r .  That th e  b u lk  o f th e  f r e e  e le c t ro n  p a i r  o f
a  c a rb a n io n  i s  indeed  g r e a te r  than  t h a t  o f  a  C-H bond
22was shout* by B o b e rts  and Shoppee who o b ta in ed
c h o le e ta n e -3 P -e a rb o x y lie  a c id  b o th  fro® 3u-brom o- and
3 p-brom ocholestane on r e a c t io n  w ith  magnesium and
f u r th e r  tre a tm e n t w ith  carbon  d io x id e . We can now
g iv e  some ev idence  th a t  th e  s t e r i c  req u ire m e n ts  o f  a
CUC bond a re  g r e a te r  th an  th o se  o f  a c a rb an io n . In
f a c t ,  r e d u c t io n  o f  3P -c h lo ro -  o r  3p-brom o-3u-m ©thyl-
e h o le s ta n e  w ith  l i th iu m  and l iq u id  ammonia a f fo rd e d  th e  
i  *7 00(ex p ec ted ) '-W e s ta b le  hydrocarbon  -  3 P-me th y 1 cho1 e s ta n e
(XIX). I h i  s was a lso  o b ta in ed  by h y d ro g en a tio n  o f 
3-m ethy l cho le  s t - 2-e n e  u s in g  p la tin u m  a s  c a t a l y s t .
The 3 p-m@thyl chole s ta n e  o b ta in ed  by b o th  ro u te s  h ad ,
how ever, d i f f e r e n t  p h y s ic a l p r o p e r t ie s  from th o se
5 23reco rd ed  i n  th e  l i t e r a t u r e  * . An a u th e n t ic  sample
©f th e  S a tu ra te d  hydrocarbon  was th e r e f o r e  p rep a red  
in  an unambiguous way. Thus, c h o le s ta n e -3 |3 -c a rb o x y lic  
a c id  (XX) was co n v e rted  to th e  m ethyl e s t e r 2^*2  ^ which 
was th e n  su b m itted  to  a l i th iu m  alum inium  h y d rid e  
re d u c t io n  t© y ie ld  3P-hydroxym ethyl© holestane (XXI).  
S onversion  o f  t h i s  to  th e  to lu en e-g -su lp h o n a t©  and 
f u r th e r  r e d u c t io n  w ith  th e  same r e a g e n t26 a f fo rd e d  (XIX, 
id e n t i c a l  in  every  r e s p e c t  w i t h  th e  p ro d u c t o b ta in e d  above.
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HEW COMPOUNDS
Compound m .p .
3P-Methyleh0l©st&n-3a-yl 159-60°
j*-nitro benzoate
3a-M©thyl chole s ta n -3  P~yl
jj-n itro b e n z o  a te  194°
2 p-3a-Mbromo-3P-m© th y lc h o le s ta n e  106^8°
2a * 3 p-Bibromo-3a-m e th y l chole ©tan© 160-2°
2a 13a-Epoxy-3 (3-methyl c h o le s t an© 133-5°
3 -M ethy leneoho lestane  65-6°
3 a-B rom o-3p-brom om ethylcholestane 116- 8 °
3 p-Bro®o-3a-bromome th y lc h o le  ©tane 124- 6°
3)>-Hydro xy-3 j?-hydroxy taethy lcho lestane 208-9°
3 (3-Hydro3syme th y lc h o le s ta n e  151-2°
3 p-Hydroxym e th y lc h o l es tan e
to  lu e n e -£ -  su l phona te  113-4°"
3 p-O hloro—3a-me th y lc h o le s ta n e  154-6°
3|3-Brc»ao-3a-ffiethylchole ©tane 138-9°
35-Hydroxycholestanj&-3£—a c e t i c  ac id  
e th y l  e s t e r  99°
3^-H ydroxyoholestan^t-3j?-ae@ tic a c id  193—?°
3jJ-Hydroxychole btan)4-3^-acet i e  a c id
m ethy l e s t e r  107*5-8°
3^-H ydroxycholestarjd-3jf-a c e tic  a c id  220-1°
3£-HydrQ xyeholestanjl—3 Jr—a c e t i c  ac id  
m ethyl e s t e r  92-3
£*3 3) 
*  20 °
+ 30°
+ 89° 
-  15°
♦ 47°
♦ 23° 
+ 38° 
+ 23° 
+ 29° 
+ 28°
+  2 2 °  
+ .33°
+ 35°
+ 24° 
+  2 1 °
■+• 24 °

n o ta t io n s  were tak en  in  QBQ1„ so lu tio n *  In f  r a -3
re d  s p e c tr a  were k in d ly  determ ined  by Dr* J .  E. Page 
o f  M essrs* GKLaxo L a b o ra to r ie s  L td * , and by Dr. G-. 
E g lin to n  u s in g , u n le ss  s t a t e d  to  the  c o n tra ry ,
' Y' ■ ‘
carbon  d is u lp h id e  a s  s o lv e n t .  ih e  l i ^ i t  petro leum
used was of b.p. <0-60°.
5-Methyl ohole atan-5a-an&-3 (3-ol
C ho lestan o n e , m .p. 128-129° + 59° ( c ,  1 .2 1 ) ,
(5*2 g . ) in  d ry  e th e r  (50 m l.)  was added to  me thy  1 - 
magnesium io d id e  [p rep ared  from m ethyl io d id e  (4*3 g . ) 
and magnesium (1 .02  g . ) i n  d ry  e t h e r  (18 m l .) ]  w ith  
good s t i r r i n g  d u rin g  30 m inu tes and th e  r e s u l t i n g  
s o lu t io n  re f lu x e d  fo r  two h o u rs . fh e  p ro d u c t, in  
3*2 -• l i g h t  petro leum s benzene (50 m l.) 'w a s  chrom ato­
graphed o v er n e u t r a l i s e d  alum ina (75 g*) (27 f r a c t i o n s ) .  
E lu tio n  w ith  the same so lv e n t m ix tu re , w ith  benzene 
and w ith  9*1 -  benzenes e th e r  (19 f r a c t i o n s  in  a l l )  
gave 3P-m ethyl cho le s ta n -3 u -o l (2 .9 0  g . ) ,  m .p. (from  
e th y l  a c e ta te -m e th sn o l)  126-127°, + 28° (c ,  1 .6 8 ) .
KLution w ith I s l - b e n z e n e :e th e r  and w ith  e th e r  a lone  
(8 f r a c t i o n s  in  a l l )  a f fo rd e d  3 u -m e th y leh o le s ta n -3 P -o l 
(2 .1 9  g * ) , m .p . (from a c e t i c  a c id )  147-149° f UJ-p + 34° 
( c ,  1 .24 )*  Kuwada and M iyasaka* r e p o r te d  m .p. 125 
and 147-148° r e s p e c t iv e ly .
# Kuwada and M iyasaka, J .  Phans.. Soc. . Ja p a n . 1938, 58. 
115? Chem. A b r .. 1938, 7474.
The two a lc o h o ls  were c h a ra c te r is e d  a® fo llo w s . 
The a lc o h o l (1*0 g . ) in  dry e th e r  (50 ml*) was 
s t i r r e d  w ith  a s o lu t io n  o f  phenyl l i th iu m  [p rep ared  
from bromohensene (782 mg.) and ex cess  o f  l i th iu m  
w ire  in  dry e th e r  (150 m l.)  w ith  s t i r r i n g  fo r  two 
h o u rs ]  f o r  one h o u r. £ -B itro b en zey l c h lo r id e  (2 .0  g . ) 
i n  d ry  e th e r  (25 ml*) was added and th e  s o lu t io n  l e f t  
o v e rn ig h t .  C r y s ta l l i s a t i o n  o f  th e  p ro d u c t from 
e th y l  ao a ta te -m e th a n o l a ffo rd e d  56-m e th v lc h o le s ta n — 
3 a -o I p-n i t ro b e n z o a t e ,  m .p. (n e e d le s )  159-160°,
[ a )B + 20° ( c ,  1 .0 3 ) (Founds C, 76.45? H, 9 .4 5 . 
^35^53^4^ r e q u ir e s  C, 76.2? H, 9.7?** The d e r iv a t iv e  
from th e  p -a leo h o l was only o b ta in e d  c r y s t a l l i n e  w ith  
d i f f i c u l t y  (g e l)  by chrom atography o v er n e u t r a l i s e d  
a lum ina (45 g .)  in  benzene. C r y s t a l l i s a t i o n  from 
a c e t i c  a c id  gave 3&-m e th y le h o le s ta n -3 8 -o l p - n i t r o -  
b e n z o a te , m .p. (n eed le s )  194°, [a ]^  + 30° ( e ,  1 .7 5 ) 
(Founds Ct 7 6 .3 ; H, 9.795).
5-Me th y lc to l  e s t -  2-ene (17)
The two s te re o  isom eric  alcohol®  (see  above) 
behaved in  the  same way on tre a tm e n t w ith  a c e t i c  
a c id - p e r c h lo r ic  a c id .  The a lc o h o l (40 m g.) in  
•A nalal* a c e t i c  ac id  (2 m l.)  w ith  a d d i t io n  o f
p e r c h lo r ic  ac id  (70$? two d rops) was h ea ted  on th e  
steam  h a th  fo r  30 m in u te s . The p roduo t was 
f i l t e r e d  through alum ina in  l i g h t  petro leum  and 
c r y s t a l l i s e d  from th e  same s o lv e n t ,  m .p. 8 2 -8 3 ° ,
£a]B + 74° (e ,  1 .32 ) ,  + 74° (e ,  1 .39) .  She
o l e f i n  can  be co n v e n ien tly  p rep a red  by th e  same 
tre a tm e n t o f the mixed a lc o h o ls  from th e  G rignard 
r e a c t io n  on o h o lestan o n e .
3 -M ethyleh o lest-2 -en ©  (233 mg.) in  d ry  dioxan (10 m l.)  
was t r e a te d  with osmium te t ro x id e  (210 mg.) in  the 
same so lv e n t (10 m l.)  and l e f t  a t  room tem p era tu re  
in  the  d ark  fo r  3 d ay s . The osm ate was c leav ed  by 
s a tu r a t io n  w ith  hydrogen su lp h id e  and , a f t e r  
f i l t r a t i o n ,  the d ioxan  was removed in  vacuo . The 
r e s id u e  was tak en  up in  'AnalaR* a c e t i c  a c id  (30 m l.)  
w ith  a d d i t io n  of le a d  t e t r a - a c e t a t e  (740 mg.) in  th e  
same s o lv e n t (20 m l.)  arid l e f t  f o r  one day (up take  
1 .0  mole o f  le a d  te tz ’a - a o e t a t e ) . The p ro d u c t in  
d ry  d ioxan  (20 m l.)  was t r e a te d  w ith  sodium hypo- 
b ro m ite  s o iu t io n  (2 .0  m l.)  [p rep a red  by adding  
brom ine (2 m l .) to  ic e  co ld  w a te r  (2 6 .5  m l.)  
c o n ta in in g  sodium hydrox ide (6 .3  g#)3 and th e  
s o lu t io n  s t i r r e d  fo r  f iv e  ho u rs  a t  room te m p e ra tu re .
The a c id ic  f r a c t io n  o f  the p ro d u c t was c r y s t a l l i s e d  
from e th er*  l i g h t  pe tro leum  to  g ive  seco~2s3- 
o h o le s ta n e d ie a rb o x y lic  a c id  (34 m g.) ,  i d e n t i f i e d  by 
m .p .9 mixed m .p. and r o t a t i o n  ♦ 35° ( e ,  0 * 8 5 )].
The a u th e n t ic  specim en, p rep a red  by chrom ic ac id  
o x id a tio n  o f c h o le s ta n d  acco rd in g  to  Win&aus and 
U ib rig*  Had m .p. 136-198°, [ a ^  + 35° ( e ,  0 .9 5 ) .
3 -M ethy lcho les t-2 -e n e  (412 mg.) i n  carbon 
t e t r a c h lo r id e  (20 m l.)  was t i t r a t e d  w ith  bromine 
(15$ w/w? carbon t e t r a c h l o r i d e ) . Hemoval o f th e  
s o lv e n t in  vacuo a t  room tem p era tu re  and chrom atography 
o v er alum ina in  l i g h t  petro leum  d ev e lo p in g  w ith  th e  
same s o lv e n t gave two d ib rom ides. E lu ted  more e a s i ly  
was 2g45a-dibrom o~3g-m e th y lc h o le s ta n e  (440 rag .) , m .p. 
(n e e d le s  from e th y l  a e e ta te -m e th a n o l)  106-108° decom p., 
[ a ] B + 89° ( c ,  1 .2 3 ) (Founds C, 62.25? H, 8.65?
B r, 2 9 .1 5 . G28H48Bi,2 re(lu i r e s  61.75? H, 8 .9?
B r, 2 9 .3 5 $ ). E lu ted  w ith  more d i f f i c u l t y  was 
2 a *3S-d ib ro m o -3 a-m e th y lc h o le s ta n e , m .p. (from  e th y l 
a c e ta te -m e th a n o l) 160-162°, ia ]^  -  15° ( a ,  0 .82 )
(Found* 0 , 61.7? B, 9 .05s B r, 29*4$). The 
2£*3a-dibrom ide (220 mg.) in  ch lo ro fo rm  (35 m l.)  
was r e  f lu x e d  f o r  97 h o u rs  (no f u r th e r  change in
Windaus and U ib rig , B er. , 1914, 4 7 . 2384.
r o t a t i o n ) .  Hem oval of th e  ch lo roform  in  vacuo and
c r y s t a l l i s a t i o n  fro® e th y l  a c e t a te-®  e th a n o l gave the  
2 as3{B-dibromide, I d e n t i f i e d  hy m .p .,  mixed m .p. 
and r o t a t i o n  [ [a ]^  -  16° ( c ,  1 .0 3 )]*
2 a 15a-EnQxy-3£-m e th y lc h o le s ta n e  (7X11)
3-M © thylcholes t-2 -e n e  (500 mg.) was t r e a te d  w ith  
th re e  m oles o f  p e rp h th a lic  ac id  in  e th e r e a l  s o lu t io n  
o v e rn ig h t a t  room tem p era tu re  (u p tak e  o f one m ole) .  
F i l t r a t i o n  o f the p ro d u c t in  l i g h t  pe tro leum  o v er 
s i l i c a  g e l gave 2 a ;3 a -epoxy-3£ -m e th y lc h o le s ta n e , m .p. 
(from  a lc o h o l)  133-135°, [ a ^  + 47° (o , 1 .1 7 ) (Foundi 
C, 8 3 .8 5 J H, 1 1 .6 5 . c28H48° a q u i r e e  C, 8 3 .95 ;
1 , 1 2 .1 $ ) . This epoxide (1 .4  g . ) in  e th e r  (100 m l.)  
was reduced  w ith  an ex c ess  of l i th iu m  aluminium 
h y d rid e  (2 .8  g . ) in  th e  same so lv e n t (100 m l.)  under 
r e f lu x  fo r  40 h o u rs . C r y s t a l l i s a t i o n  from e th a n o l 
gave 3£~ ra@ thy lcho lestan -3a-o l» i d e n t i f i e d  by m .p. and 
mixed m .p.
3-M eth y len ech o les  tane  (IX)
Triphenylm ethylphosphonium  bromide** (2 .77  g . ) 
was t r e a te d  w ith  l i th iu m  phenyl (651 mg.) i n  d ry  
e th e r  (46 m l.)  w ith  sh ak in g  fo r  th r e e  h o u rs . To th i s  
s o lu t io n  th e re  was added oho lestanone (3*0 g .)  and
*  Of. W ittig  and S c h o llk o p f , B e r. . 1954, 8 £ , 1318.
th e  s o lu t io n  re f lu x e d  o v e rn ig h t. A fte r  w ashing w ith 
w ate r th e  d r ie d  (sodium su lp h a te )  e th e r e a l  s o lu t io n  
was ev ap o ra ted  in  vacuo . The re s id u e  was re f lu x e d  
w ith  ex c e ss  o f l i th iu m  aluminium h y d rid e  in  e th e re a l  
s o lu t io n .  A fter w orking up in  th e  u su a l way th e  
p ro d u c t was f i l t e r e d  in  l i g h t  petro leum  s o lu t io n  
th ro u g h  alum ina (50 g . ) . E lu t io n  w ith  th e  same 
s o lv e n t  (150 m l.)  a ffo rd e d  3-m e th y len ec h o le s ta n e  
(1 .6  g . ) ,  m .p. (n e e d le s  from e th y l  a c e ta te -m e tiim o l)  
65—6 6 ° , [<*3b + 23° ( c ,  2.16 in  001^) (Founds 
0 , 87 .7? H, 1 2 .4 5 . 0 oqK ^  r e q u ir e s  0 , 8 7 .4 ;
H, 1 2 .6 $ )•  T h is  hydrocarbon  (8 9 .5  mg.) in  carbon 
te t r a c h lo r id e  (10 m l.)  co n ta in in g  one drop o f  ' AnalaH* 
p y r id in e  was t i t r a t e d  w ith bromine (3 .36$  w/v) in  
th e  same s o lv e n t. A fte r  rem oval o f  th e  s o lv e n t 
in  vacuo a t  room tem p era tu re  Hie o i ly  p ro d u c t was 
chrom atographed o v er s i l i c a  gel (2 .0  g . ) in  l i g h t  
pe tro leum  (5 m l*). E lu tio n  w ith  th e  same so lv e n t 
(30 m l.)  gave 5a -  bro mo -  5 (3-br omoia e t  h y l oho l e s t  ane 
(91*7 m g .) , m .p. ( f l a t  n e e d le s  from e th y l  a c e ta te )  
116—1 1 8 ° , + 58° ( a ,  1 .6 5 ) (Found* 0 , 62.25?
H# 8 .8?  B r, 29*45. 028H48Br2 r e <lu i r e ® <** 6 1 .75 ;
H, 8*9; Br 2 9 .3 5 $ ). F u rth e r  e lu t io n  w ith  th e  same
s o lv e n t (15 m l.)  and (45 m l.)  gave r e s p e c t iv e ly  a 
m ix tu re  (1 6 .8  m g.) and then  3ft-bromo-3a-brom o-
m e th y lc h o le s ta n e  (16*6 m g.) ,  m .p. (n e e d le s  from e th y l
a c e ta te ]  124-126°, [a ]p  * 23° ( c , 1 .1 4 ) (Found*
C, 6 1 .3 5 ; H, 9*05; B r, 2 9 .6 $ ) . The two d ib rom ides
gave a marked d e p re ss io n  in  m .p. on adm ix tu re .
C onversion  of  5-M ethylene chol es ta n e  to  C holestanone
3-M ethylene chole s tane  (162 m g.) in  dxy d ioxan
(5 m l.)  was t r e a te d  w ith  osmium te t ro x id e  (139 mg.)
in  th e  same so lv e n t (5 m l.)  a t  room tem p era tu re  fo r
48 h o u rs . The osmium te tro x id e  complex was c leav ed
w ith  hydrogen su lp h id e ' and th e  p ro d u c t c r y s t a l l i s e d
from e th a n o l to fu rn is h  Hie g ly c o l , m .p. (b la d e s )
208-209°, [re]E + 29° ( e ,  0.7X) (Founds C, 7 9 .85 ;
ft, 1 2 .4 5 . °28H50°2 r e ?u i r e s  c > 8 ° .3 ?  H, 1 2 .1 $ ) .
In  an id e n t ic a l  experim ent the  t o t a l  g ly c o l in  
e th a n o l (10 m l.)  and. dioxan (35 m l.)  was t r e a te d  
w ith  p e r io d ic  ac id  (308 mg.) in  w a te r (5 m l.)  f o r  
16 h o u rs  (up take o f  one mole o f  o x id a n t) .  A fte r  
w orking up in  the  u su a l way the p ro d u c t was f i l t e r e d  
in  benzene s o lu t io n  through alum ina (3 g . ) .  E lu tio n  
w ith  the  same s o lv e n t gave ch o les tan o n e  (130 mg. j 
80$) i d e n t i f i e d  by m .p .,  mixed m .p . and r o ta t i o n  
[[**]$ + 3 9 .5 °  ( c ,  1 .5 3 ) ] .
# Of. B arto n  and E lad , J .  Chem. Soc. , 1956, 2085.
The R eform at sky R eaction  on Cholestanone
A s o lu t io n  o f  cho lestanone .(5 .0  g . ) and e th y l 
b rom oaeeta te  (1 .6  o .e . )  in  dxy benzene (25 c . c . )  was 
added d u rin g  20 m inutes to  a f la s k  c o n ta in in g  z in c  
powder (0 .875  g . ) ,  dry benzene (10 c . c . )  and io d in e  
(1 c r y s t a l ) .  A fte r  2 hours r e f lu x ,  th e  r e a c t io n  
m ix tu re  was t r e a te d  w ith  d i l u t e  s u lp h u r ic  ac id  and 
worked up in  th e  usual way to y ie ld  an o i l  (6 .1  g .)  
which in  s o lu t io n  in  benzene was chrom atographed on 
s i l i c a  g e l (100 g . ) .  E lu tio n  w ith  th e  same s o lv e n t 
a ffo rd e d  an e s te r - a lc o h o l  (3 .64  g . ) which c r y s t a l l i s e d  
from etbansL in  sm all n e e d le s  m .p. 9 9 ° , + 24°
( e ,  1 .5 1 ) .  Founds G, 78 .80 ; H, 1 1 .5 5 . °31H54°3
re q u ire s ?  0 , 7 8 .4 0 ; H, 11*45$.
F u r th e r  e lu t io n  o f th e  column v-,ith benzene—e th e r  
(9*1) fu rn is h e d  th e  ep im eric  e s te r - a lc o h o l  a s  an 
o i l  (2 .8 6  g . ) [a lp  «* 26° (c , 1 .2 )  which could n o t  
be c r y s t a l l i s e d .
H y d ro ly s is  o f  the e s t e r s
She c r y s t a l l i n e  e s t e r  (1 .0  g .)  was d is s o lv e d  in  
5$ m eth& nolic potaasiam hydrox ide (1 7 .5  c . c . )  and 
th e  s o lu t io n  re f lu x e d  fo r  50 m in u te s . A f te r
a d d i t io n  o f a la rg e  ex cess  o f w a te r th e  a c id  was 
e x t r a c te d  in  th e  u su a l way and c r y s t a l l i s e d  from 
e th a n o l in  c l u s t e r s  o f  n e e d le s  (0 .8 8  g . ) m .p. 195-7°
[a Ip  + 20 .6° (o , 1 .5 5 ) .  Foundi 0 , 78 .15 ; H, 1 1 .4 5 .
°29H50°3 r e 'iui:res G» 77.95? H, 1 1 .3 0 $ .
The m ethyl e s t e r ,  p rep ared  by r e a c t io n  w ith
diazom ethane in  e t h e r ,  c r y s t a l l i s e d  i n  n e e d le s  
(from  e th a n o l)  m .p. 1 0 7 .5 -8 ° . Founds 0 , 7 7 .9 5 ;
H, 10.95* G30B52^3 re q u ire s*  0 , 7 8 .2 0 ; H, 11 .40$.
The second ( o i ly )  e s te r - a lc o h o l  o f  th e  above 
chromatogram (2 .21  g . ) was h y d ro ly sed  p r e c i s e ly  as  
above to  y ie ld  an a c id  (1 .9  g . ) which c r y s t a l l i s e d  
(from  e th y l  a c e ta te )  i n  m ic ro c ry s ta l l in e  ag g re g a te s  
m .p. 2 2 0 -1 ° , [ a ]B + 2 4 .3 °  ( e ,  1 .7 5 ) .  (M.m.p. w ith
th e  f i r s t  ac id  was 1 9 2 -9 ° ) . Found* 0 , 7 7 .6 0 ;
H, 1 1 .7 0 $ .
The m ethyl e s t e r  p rep ared  a s  above c r y s t a l l i s e d  
from e th a n o l in  n e e d le s  m .p. 9 2 -3 ° . (M.m.p. w ith
the  p re v io u s  m ethyl e s t e r  was 7 5 -9 4 ° ) . Founds 
0 , 7 6 .0 0 ; H, 11 .0 0 $ .
P y ro ly s is  o f  th e  a c id s
The a c id  m .p. 195-7° (0 .146  g .)  was h e a te d  a t  
290-300° (b a th  tem p era tu re )  u nder n i t ro g e n  for  
1 m in u te . The r e s u l t a n t  p ro d u c t was d is s o lv e d  in
benzene and chrom atographed on alum ina (5 g .)  to 
y ie ld  a m ix tu re  o f  o le fin ©  (0 .055 g .)  which 
c r y s t a l l i s e d  from l i g h t  petro leum  in  m io r© c ry s ta llin e  
aggregate©  m .p. 6 7 -8 1 ° , [a ]^  + 3 4 .5 °  ( c ,  1 .4 4 ) .  The 
mixed m e ltin g  p o in t  w ith  3 -® e th y le h o le s t-2 -e n e  was 
52 -66°. That m ix tu re  could n o t  fee se p a ra te d  e i t h e r  
by re p e a te d  c r y s t a l l i z a t i o n s  o r  by chrom atography.
The second a c id  (0 .130  g . ) was su b je c te d  to  
th e  same tre a tm e n t and the  r e s u l t a n t  p ro d u c t d is s o lv e d  
in  benzene and f i l t e r e d  th rough alum ina. The 
3 - lle th y lc h o le s t-2 -e n e  (0 .057  g . ) o b ta in e d  was 
c h a ra c te r i s e d  by m .p . , m.m.p. and r o t a t i o n .  
5g-M ethylch© Iestane (XXX)
(a) From c h o le s ta n e -3 p -o a rb o x y lic  a c id .
M ethyl c h o le s ta n e -3 P -c a rb o x y la te *  (1 .2  g . ) in  
dry e th e r  (50 m l.)  was reduced w ith  a  la r g e  ex cess  
o f  l i th iu m  aluminium h y d rid e  in  th e  same s o lv e n t under 
r e f lu x  fo r  s ix  h o u rs . C r y s t a l l i s a t i o n  o f th e  p ro d u c t 
from e th y l  ace ta te -m e  th an o l gave 3P-h y d ro x v m eth y lo h o les t-  
an e , m .p. (n eed le s )  151-152°, [a ]^  + 28° (©, 1 .2 8 )
(Founds 0 , 83 .65 ; H, 1 2 .3 5 . G28B5$ r e q u ir e s
0 , 8 3 .5 1 H, 1 2 .5 $ ) . T his a lc o h o l (1 .1  g . ) i n  d iy  
p y r id in e  (30 m l.)  was t r e a te d  w ith  to luene-j& -su lphonyl 
# Of. Corey and Sneen, J .  Am. Chem. Soc. , 1953, 7 5 . 
6234? R o b e rts , Schoppee and S tephenson , J .  Chem. Soc. . 
1954, 2705.
s l i
c h lo r id e  (3 .0  g .)  in  the  same s o lv e n t  (20 m l.)  
o v e rn ig h t a t  room te m p era tu re  to fu rn is h  th e  
to lu e n e -p - su lp h o n a te . m .p . (from ch lo roform -m ethano l) 
1 13 -114°, [a3-p + 22° ( c ,  1 .0 2 ) (Pound: C, 74.65}
H, 9*9* r e q u ir e s  C, 7 4 .45 ; H, 10 .2$) •
f h i s  to lu e n e -p t-su lp h o n a te  (496 m g.) in  e th e r  (50 m l.)  
was reduced  w ith  a la r g e  ex cess  o f  l i th iu m  aluminium 
h y d rid e  under r e f lu x  fo r  72 h o u rs  to  g iv e  a u th e n t ic  
3p-m©thylc&fclestan© (350 mg.) m .p . (from  ehloroform ~ 
m ethanol) 105-106°, [o ]D + 28° ( c ,  1 .7 6 ) .  ? o r  tfcle
"Ifcompound B aker, M inck ler and P e te rs e n  r e p o r te d  m .p. 
97-98° [ a ] D +
(b) Prom 3-m ethylchol© st~2-@ ne.
5?he o l e f in  (223 mg.) in  1 i 1 - e th y l  a c e ta te s  
a c e t i c  a c id  (60 m l.)  was hydrogenated  o ver p la tin u m  
to  g ive  3P -m eth y lch o les tan e  (200 m g .) , i d e n t i f i e d  
hy m .p .,  mixed m .p. and r o t a t i o n  [ [ a ] ^  + 27° (o , 1 .23)1* 
(o) Prom 3 6 -eh lo ro -S u -m © th y lch o lestan e .
fh e  chloro-com pound (see  below) (140 mg.) in  dry 
e th e r  (30 m l. was added d u rin g  10 m in u tes  to  a s o lu t io n  
o f  l i th iu m  (150 m g.) i n  li< p d d  ammonia a t  -6 0 °0  and 
th e  s o lu t io n  s t i r r e d  fo r  f iv e  h o u rs . Excess o f
® B d te r , M inckler and P e te r s e n ,  J .  Am. Chem. Soc. . 
1955, 2 1 , 3644*
ammonium e h lo r id e  was added and ammonia l e f t  to  
e v a p o ra te . C r y s ta l l i s a t i o n  from chloroform -m ethanol 
gave 3P ^m eth y lch o lestan e  (100 m g.) t i d e n t i f i e d  by 
m .p*, mixed m .p. and r o ta t i o n  + 28° ( e ,  0 .8 4 ) ] .
In  a  second experim ent 3£~ eh lo ro -3c-m © thy lcho lestane  
(102 m g.) in  1*1 -  e th e r ;  a c e t i c  a c id  (60 m l.)  was 
t r e a te d  w ith  ex cess  o f  s in e  d u s t d u rin g  18 h o u rs  a t  
room tem p era tu re  (good s t i r r i n g ) .  Chromatography 
o f  th e  p ro d u c t over s i l i c a  gel (3*0 g . ) in  l i g h t  
p© t r  o l eum so l u t i  on gave 3 P-me th y l  oh o le  s tan© (26 m g.) ,  
i d e n t i f i e d  by m .p .,  mixed m .p .,  r o t a t i o n  [ [ a 3^ + 28° 
(©, 0 .8 9 ) 3 and n e g a tiv e  B e ils t© in  t e s t  a© w ell as  
unchanged s t a r t i n g  m a te r ia l  (66 m g .) , i d e n t i f i e d  by 
m .p . , mixed m .p. and p o s i t iv e  B e i l s t e in  t e s t .
(d) From 3P-brom o-3u-m ethylcholestane*
The bromo-compound (see  below) (97*7 mg.) in  
dry e th e r  (20 m l.)  was slow ly (10 m in® .) dropped 
w ith  s t i r r i n g  in to  a s o lu t io n  o f  l i th iu m  (101 mg.) 
in  l i q u i d  ammonia (25 m l.)  and l e f t  w ith  s t i r r i n g  
fo r  2 hour®. F ro to n a tio n  w ith  ammonium c h lo r id e  and 
w orking working up i n  th e  u su a l way gave a  c r y s t a l l i n e  
r e s id u e  (7 6 .5  m g .) . One c r y s t a l l i s a t i o n  from e th y l
a c e ta te -m e th a n o l gave 3 (3-methyl chole s ta n e  (61 m g .), 
i d e n t i f i e d  by m .p .,  mixed m .p. and r o t a t i o n  + 2?°
( o ,  1 .1 2 ) ] .
D ehydration  o f  th e  3-M ethyl chole s t a n d s
3 0-M ethyl chol e s ta n -$ a ~ o l (se e  above) (240 mg.) 
i n  d ry  p y r id in e  (25 m l.)  and r e d i s t i l l e d  phosphorus 
o x y ch lo rid e  (290 m l.)  was l e f t  f o r  24 h o u rs  a t  room 
te m p e ra tu re . C r y s t a l l i s a t i o n  o f th e  p ro d u c t from 
ohloroform -iae thano 1 a ffo rd e d  3~m ethylchole s t -2 -e n e  
(200 m g .) , i d e n t i f i e d  by m .p .,  mixed m .p. and 
r o t a t i o n  [ [a ]^  + 70° ( c ,  1 .2 9 ) ]•
E xactly  the  same d eh y d ra tio n  p ro ced u re  was a p p lie d  
to  3 u -m e th y le h o le s ta n -3 P -o l. The r e s u l t i n g  o le f in  
(194 mg.) was chrom atographed o v er s i l i c a  gel (50 g . ) 
in  l i g h t  p e tro leu m . A ll f r a c t io n s  m elted  in d e f in i t e l y  
between 56 and 63° and had r o t a t i o n s  c lo se  to  40°. A 
ty p ic a l  m ix tu re  had m .p. (from e th y l  a e e ta te -m e th a n o l) 
5 7 -5 9 ° , [a ]D + 44° ( c ,  0 .85) (Sound, C, 87 .1s 
H, 1 2 .2 5 . C alc , f o r  C28H4 8 ' G> 87,45 H*
In  o rd e r  to  c h a r a c te r i s e  th e  o l e f i n  m ix tu re  th e  
fo llo w in g  ex perim en ts were perfo rm ed . The m ix tu re  
(1 .4  g . ) i n  carbon  te t r a c h lo r id e  (25 m l.)  was t i t r a t e d  
w ith  brom ine (15$ w/v) in  th e  same s o lv e n t .  The
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r e s u l t i n g  m ix tu re  o f  d ib rom ides was chromato graphed 
o v er s i l i c a  ge l in  l i g h t  pe tro leum  e lu t in g  w ith  
th e  same s o lv e n t .  The f i r s t  e lu te d  d ibrom ide 
(1 .2  g . ) had m .p. ( p la te s  from e th y l  ace ta te -m e th an o l)
114° deoom p., [a ]p  + 44° ( c ,  1 .1 2 )  and was i d e n t i f i e d  
(m .p. and mixed m .p .)  a s  3a-brom o-3P-brom om ethylcholestane. 
The second ly  © luted  dibrom ide (260 mg.) had m .p. (n eed le s  
from e th y l ace  t a t  e-m ethano l) 124-126° decom p., £ a.
4* 23° ( c ,  1 .1 4 ) and was i d e n t i f i e d  (m .p. and mixed 
m .p .)  a s  3p-brom o-3a-bram om ethylcholestan© .
The o le f in  m ix tu re  (400 mg. ) in  d ry  d ioxan was 
t r e a te d  w ith  osmium te tro x id e  (400 m g.) in  th e  same 
s o lv e n t (5 m l.)  and l e f t  in  th e  d ark  a t  room tem p era tu re  
f o r  2 d ays. A fte r  s a tu r a t io n  ? /ith  hydrogen su lp h id e  
and f i l t r a t i o n ,  the  d ioxan  was removed in  vacuo and 
th e  r e s id u e  in  •AnalaH1 a c e t ic  a c id  (25 m l.)  was 
o x id is e d  w ith  le a d  t e t r a - a c e t a t e  (1*0 g . ) in  th e  
same s o lv e n t (25 m l.)  a t  room tem p era tu re  f o r  4 hou rs 
(one mole u p ta k e ) . The p ro d u c t (360 mg.) was 
chrom atographed o v e r  n e u t r a l i s e d  alum ina (S g«) in  
l i g h t  p e tro leu m . E lu tio n  w ith  1 14-benzen© *l i ^ i t  
p e tro leum  gave ch o les tan o n e  (192 mg. p u r e ) * id e n t i f i e d  
by m .p . ,  mixed m.p* and r o ta t i o n  + 40° ( c ,  1 .2 0 ) ] .
.2X5
3 Ohloro~3a-m ® thy lcho lestane  {XVI; X « 01)
3 ~ M eth y ich o lest-2 -en e  (265 ta g .) , 3~m ethylene- 
cholestan®  (250 mg*),  3P~methyl cho lestan-*3u-o l 
(210 mg.) and 3a-me 1hylcho 1 e s  tan-3(>*ol (245 mg.) were 
t r e a te d  s e p a ra te ly  w ith  dry  hydrogen c h lo r id e  in  
d ioxan  (23$ w /v; 25 m l.)  fo r  8 days a t  room 
tem p era tu re  and th en  f o r  3 days a t  0 ° . A ll fo u r  
s o lu t io n s  d e p o s ite d  pure 3£~ ch io ro - 5u~ m eth y lch o le s tan e , 
m .p. 154-156°, unchanged on c r y s t a l l i s a t i o n  from 
l i g h t  p e tro leu m , [ a + 32° ( c ,  0 . 92) ,  + 33° ( c ,  1 .0 2 ) ,  
* 53° ( c ,  0 .9 3 ) and + 33° ( e ,  1 .0 5 ) r e s p e c t iv e ly  
(Found5 C, 7 9 .9 ; H, 11.6* G28H49C1 r@£u i r e s
0 , 79*85; K, 1 1 .7 $ ) . C o n c en tra tio n  o f th e  
m other l iq u o r s  in  vacuo a t  room tem p era tu re  gave 
f u r th e r  c rops o f  th e  c h lo r id e ,  th e  t o t a l  y ie ld©  
b e in g  76 , 70 , 76 and 70$ r e s p e c t iv e ly .  fh e  
experim en ts were re p e a te d  le a v in g  f o r  24 ho u rs  only  
a t  room tem p era tu re  w ith  th e  same r e s u l t s .
In  o rd e r  to  determ ine the t o t a l  y ie ld  o f  
C h lo rid e  in  th e  above ex p erim en ts  an iso top®  
d i lu t i o n  method was employed. 3 -M eth y lch o le s t~ 2 -ene
was converted  to  th e  c h lo r id e  e x a c tly  a s  above b u t 
u s in g  deu terium  c h lo r id e  in s te a d  o f  hydrogen  c h lo r id e .
5?he o rd in a ry  c h lo r id e  h as  a s tro n g  in f r a - r e d  hand 
(ca rb o n  d isu lp h id e  s o lu t io n )  a t  783 cm.~^ w hereas 
th e  d e u te ra te d  m a te r ia l  shows no a b s o rp tio n  a t  t h i s  
fre q u e n c y . I t  i s  a sim ple m a t te r ,  th e re fo r© , to  
an a ly se  m ix tu re s  o f  the two su bstances*  3 - 
Me th y l  chol© s t - 2 -©n® (90 .0  mg. ) and th e  d e u te ra te d  
3 p -c  h i oro-3a-m© th y lc h o le s ta n e  (10 .95  mg*) were 
t r e a te d  w ith  hydrogen c h lo r id e  in  d ioxan e x a c tly  as  
above. Ih e  f i r s t  crop o f  c h lo r id e ,  m .p. 154-156°, 
[a ]p  + 33° (o , 1 .0 5 ) was a n a ly se d  fo r  i t s  c o n te n t 
o f  l a b e l l e d  c h lo r id e  and shown to  c o n ta in  12*0$.
2)h© tr u e  y ie ld  o f  3 P -ch lo ro  d e r iv a t iv e  from th e  
3 -m e th y lc h o le s t-2 -©ne i s ,  th e r e f o r e ,  82$* fh e  
method o f a n a ly s is  i s ,  o f  c o u rse , only  v a l id  p ro v id ed  
t h a t  th e re  i s  no exchange between o rd in a ry  c h lo r id e  
and d e u te ra te d  ch lo rid e*  T his was checked in  two 
ways* (a ) the  o rd in a ry  c h lo r id e  was t r e a te d  w ith  
d eu terium  c h lo r id e  in  d io x an , and (b) th e  d e u te ra te d  
c h lo r id e  was t r e a te d  w ith  hydrogen c h lo r id e  in  the 
same s o lv e n t .  I n f r a - r e d  exam ination  o f  th e  p ro d u c t 
(see  above) showed th a t  in  each  ea se  th e re  was no 
exchange.
In  o rd e r  to determ ine th e  approx im ate tim es 
o f  h a l f - r e a c t io n  th e  fo llo w in g  experim en ts  were
c a r r ie d  out* 3-Me th y l  c h o le s t-2 -e n e  (92 mg.) in
hydrogen ch lo ri& e-d ioxan  (23$ w /v; 25 ml*) was 
k e p t a t  room te m p era tu re  (20°) and th e  r e a c t io n  fo llow ed 
p o la r im e tr ie a l ly *  The i n i t i a l  r o t a t i o n  was +75°
( ta k e n  8 m inu tes a f t e r  d is s o lu t io n )  [o f . £a 3^ f o r  
3-m ethyl© holest-2-en@ s + 80° ( c ,  0*88 in  d io x a n )] .
A fte r  120 m inu tes th e  r o t a t i o n  was c o n s ta n t a t  37°•
The tim e o f  h a l f - r e a c t io n  was 13 m in u tes . 36- 
M e th y lc h o le s ta n -3 ^ -o l (108 mg.) was t r e a te d  in  th e  
same way fo r  30 m in u tes . The p ro d u c t was chrom ato­
graphed o v er s i l i c a  g e l (5 g*) in  l i g h t  petroleum * 
E lu tio n  w ith  t h i s  s o lv e n t gave 3 -m e th y lc h o le e t-2 -e n e  
(2 ,2 . m g.) ,  i d e n t i f i e d  by m .p#, mixed m .p. and 
n e g a tiv e  B e il s te in  t e s t .  Further* e lu t io n  w ith  th e  
same s o lv e n t  fu rn ish e d  the  c h lo r id e  (60 mg. j 53$)# 
id e n t i f i e d  by m .p .,  mixed m .p. and p o s i t iv e  B e i l s t e in  
te s t*  E lu tio n  w ith  benzene a f fo rd e d  unchanged 
s t a r t i n g  m a te r ia l  (48 m g ,). 3 a -M e th y lch o le s ta n -
5P-01  (103 mg#)# t r e a te d  in  e x a c tly  th e  same way fo r  
two h o u rs ,  gave 3-m ethyl chole s t - 2 -ene (8 mg*)t th e  
©hi o r  id s  (29 m g.; 27$) and unchanged a lc o h o l (68 a g . ) .
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3p-C hio ro -3u-m © thy lcho lestane (100 mg.) In  d ioxan 
(65 ml#) and w a te r (5 ml#) was l e f t  f o r  seven days 
a t  20°. The so lv e n t was removed in  vacuo a t  room 
te m p era tu re  to  g ive hack s t a r t i n g  m a te r ia l  (100 m g.) 
unchanged (su p * , mixed m .p. and p o s i t iv e  B e l l s t e in  
t e s t ) *
tre a tm e n t o f  3 P-G hloro-5a~ rae th y lch o le s tan e  w ith  
C o llid in e
The c h lo r id e  ( l ? l  mg.) in  dry R e d is t i l l e d  
o o l l id in e  (5 m l.)  was h ea ted  under r e f lu x  f o r  th re e  
h o u rs . The p ro d u c t was t r e a te d  w ith  osmium te t ro x id e  
and then  w ith  le a d  t e t r a - a c s t a t e  e x a c tly  as  d e sc rib ed  
f o r  th e  p ro c e s s in g  o f  th e  d eh y d ra tio n  p ro d u c t o f  
3u-m ethy lcho le  s tan -3 6 ~ o l to  g ive  ch o le s ta n o n e  (57 m g.) ,  
i d e n t i f i e d  by m .p . ,  mixed m .p, and r o t a t i o n  [ [ a ]^  + 40° 
(c* 1*23)]# In  a second experim ent th e  c h lo r id e  
(34 mg*) ,  t r e a te d  a s  above w ith  c o l l i d in e ,  fu rn ish e d  
a  p ro d u c t which on t i t r a t i o n  w ith  bromine gave 
3a~brom o-3p-hrom om ethylchole s ta n e  (30 m g,) ,  id e n t i f i e d  
by m .p* , mixed m .p. and r o t a t i o n  + 4 4 ° . ( c ,  0 .7 5 )]*
T h is d ibrom ide was worked up ae b e fo re  (see  above).
3g-Bromo-5a-fflethylchol® stane (X?I? X = Br)
3-M@ th y l  chole s t - 2 -ene (203 m g.) ,  5f3-m ethyleholestaii- 
3 a -o l (200 mg.) and 3 n -m eth y lch o le s tan -3 |3 -o l (203 mg.)
were t r e a te d  s e p a ra te ly  w ith  d ry  hydx'ogen brom ide 
in  d io x an  (25$ w/vj 25 ml*) a t  room tem p era tu re  
(20°) f o r  seven  d ay s . In  each  c a se  5&~brom©»-3a~ 
m eth y lch o lesta r©  c r y s t a l l i s e d  ou t in  pur© c o n d itio n  
(7 6 , 73 and 74$ re s p e c tiv e ly )*  I t  had m.p* 138-139°# 
unchanged on r e  c r y s t a l l i s a t i o n  from  co ld  dry l i g h t  
p e tro le u m , t a]^  + 35° (©, 1*09) (Founds C, 72*1}
H, 10*35? B r, 1 6 .8 . G28K49S r r e £u i r e s  c » 72.25?
H, 10 .6} B r, 17*15$)• The i n f r a - r e d  s p e c tr a  o f  a l l  
th r e e  p re p a ra t io n s  were i d e n t i c a l .
II
A ld o ste ro n e , th e  a d re n o c o r t ic a l  hormone w ith  a
pronounced e f f e c t  on the in o rg a n ic  m etabolism  o f  the
body, was f i r s t  i s o l a t e d  in  a c r y s t a l l i n e  s t a t e  from
c o r t i c a l  e x t r a c t s  in  1953 by M attox‘S and was named
e l e c t r o c o r t i n  by t h i s  a u th o r . L a te r ,  i n  1954 , th e
j o i n t  e f f o r t s  o f  th re e  la b o r a to r i e s  were re v e a le d
in  a  s e r i e s  o f p ap e rs  which d e sc r ib e d  th e  i s o l a t i o n ,
e s t im a t io n ,  p h y s io lo g ic a l p r o p e r t ie s  and c o n s t i tu t io n
o f  t h i s  p o te n t m in e ra lo c o r t ic o id  hormone. I t  was
renamed a ld o s te ro n e , when i t  was r e a l i s e d  th a t  a masked
aldehyde fu n c tio n  was p re s e n t in  th e  m o lecu le . L uring
th e  p re lim in a ry  i s o l a t i o n  w ork, su p ra re n a l e x t r a c t s
were assayed  by paper chrom atograph ic  t@ chniq.ues. In
a  ty p ic a l  p r e p a ra t iv e  i s o l a t i o n ,  1000 Kg. o f  f ro z e n  ox
a d re n a ls  were p ro cessed  and f i n a l l y  su b m itted  to  a
chromatogram l a s t i n g  70 days. Ih e  y ie ld  o f  c r y s ta l l i n e
a ld o s te ro n e  was 57 mg. Ih e  e le g a n t work o f  th e  Swiss
2and E n g lish  sc h o o ls  on Hie c o n s t i tu t io n  o f  th e  hormone 
i s  summarised in  the  fo llo w in g  p a rag rap h s .
A ldoste rone  h as  th e  m o lecu la r  fo rm ula ^21^28^5 
i s  th u s  iso m eric  w ith  c o r t is o n e .  I t  c r y s t a l l i s e s  from 
a c e to n e -w a te r  a s  th e  m onohydrate. On tre a tm e n t w ith
p e r io d ic  a c id  form aldehyde i s  o b ta in e d , th u s  showing 
th© p resen ce  o f  a ^CQ-CHgOH s id e  ch a in .
2fh e  u l t r a - v i o l e t  a b s o rp tio n  spectrum  ( in  e th an o l)  
showed Amax. 240 mjut, log* 6 4*2 which i s  in  e x c e l le n t  
agreem ent w ith  th e  v a lu e  fo r  a  >^5-5-keto  s t e r o id .  
A ntonucei^*^ showed th a t  a  y \^ -3 -k e to  s te r o id  w ith  an 
1 1 -k e te  group had A m x , 238 mjxf and w ith  an lip-O H  
had A  max. 242 mp. (See t a b le s  1 and I I ) .
fa b le  I
U l t r a - v io le t  A bso rp tion  Maxima o f  I I - K e to s te r o ld s  
( ^ - 3 - k e t o  )
Compound A max. mji S o lv en t
A lcohol
A lcohol
Absolut© a lc o h o l
A lcohol
A lcohol
A bso lu te  a lc o h o l
hehydro c o r t i  co s  te ro n e
a c e ta te  237.5
1 2a-Bromo& ©hydro c o r t i -
co s te ro n e  &eet a t e  238 • 5
A drenosterone 237
C o rtiso n e  238
C o rtiso n e  a c e ta te  238
egn@ne-l 7<* t2 1 -d i o l -  
3*11 * 2 C - tr io n e ^ 2 1 -a e e ta te -  
2 0 -e th y le n e k e ta l
3Table II
U l t r a - v io l e t  A bso rp tion  Maxima o f  ll-B y d ro x y s te rio & s
( ^ - 3 - l c e t» )
Compound Xmax mp S o lv en t
11p-Hydroxyprogesjfeerone 242 A lcohol
1la-H ydroxypro  ge s ie ro n e 242 A lcohol
C o r tic o s te ro n e 240 A lcohol
H y d ro co rtiso n e 242 A bso lu te a lc o h o l
H yd ro co rtiso n e  ace ta te* 24 2 A bso lu te a lco h o l
11-B pi-hydro  c o r t i  so ne 
d ia c e t a t e 240 A bsolu te a lc o h o l
The in fr a -r ed  spectrum showed the fo llo w in g  peakss 
3610 cm**1 ( fr e e  -OH); 3508-3278 cm."1 -broad
ab sorp tion - (-0H + H bonding)** 1672 cm.*1 ( / v - 3 -  
k e to n e ); 1706 an.*"1 (unconjugated 20 *)>G » 0)
& T h is  peak i s  m issin g  in  c o r te x o n e , c o r t ic o s te ro n e  
and 17 -h srd ro x y co rtico s te ro n e  b u t i s  very  marked in  
Y -h y d ro x y v a le ra ld eh y d e  ( I )  in  c o n c e n tra te d  chloroform  
s o lu t io n .  At h ig h e r  d i lu t io n s  th e  band becomes 
w eaker; a t  s t i l l  g r e a te r  d i lu t io n s  i t  d isa p p e a rs  
a l to g e th e r  and on ly  th e  f r e e  -OH band rem ains.
4r e l a t i v e l y  weak a s  shov^i* by a com parison o f  th e  
v a lu e s  in  1'able I I I .  fhes#  show th a t  the  20 >C = 0 
a b s o rp tio n  i s  weakened by in te im o le e u la r  H -bonding. 
fo  sum m aris#9 iu  d i l u t e  ch lo roform  a ld o s te ro n e  e x i s t s  
as  a  cy e lo h sm iaee ta l w ith  H~bondingf w h i ls t  a t  h ig h e r  
c o n c e n tra t io n s  a s s o c ia t io n  by in te rm o le e u la r  H-bon&ing 
i s  e v id e n t .
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I
•ML OHO A
(1)
-0  -  I 01 -  OH
# fh e  d e te rm in a tio n  o f  in te g r a te d  i n t e n s i t i e s '  o f  th e  
5-* and 2 0 -k e to  groups i n  a ld o s te ro n e  g iv e s  a  v a lu e  o f  A*
A* -  a fca e/ log io  C ? ■ ) i r
A* * 1 .9 7  x  104 l / g  Mol. am2
^ - 3 - k e t o *  1 .6  x 104 " « n
A  ft n it2 0 -k e to «  0 .8  x 10 
f h a t  th e  p r a c t i c a l  v a lu e  o f Aar f o r  a ld o s te ro n e  i s  l e s s  
th a n  th e  sum o f  th e  p a r t i a l  v a lu e s  m ust show t h a t  the  
t o t a l  i n t e n s i t y  r a t i o  o f  5 .1  i s  due to  a w eakening o f  
th e  2 0 -k e te  band.
5CH,OH
I
c=o
0
CO
6Sable I I I
Subetanc©
lo g . ( ^ - 5 - k e t o )
lo g . (2 0 -k e to )
Gortexon© 1 .9
Cor t i c o  s te ro n e 1 .9
17-Hydro xycortexone 2 .2
17-By droxy co r 11 co ® t  ero ne 2 .3
A ld o ste ro n e 3 .1
M oreover a ld o s te ro n e  ( l ik e  Y ~hydrcxyvalueraldehyde) 
h as  red u c in g  p r o p e r t ie s  th u s in d ic a t in g  a  masked 
aldehyde group a s  d e p ic te d  in  p a r t i a l  s t r u c tu r e  I I .
On a c e ty la t io n  (w ith  ex c e ss  a c e t i c  an h y d rid e - 
p y r id in e )  a ld o s te ro n e  y ie ld s  a d ia c e ta te  which can be 
p u r i f i e d  and c h a ra c te r is e d  by p aper chrom atography. 
That t h i s  was in  f a c t  a d i  a c e ta te  was shown by 
m easuring  th e  a c t i v i t y  o f a sample a c e ty la te d  w ith  
a c e t i c  anhydride  o f  known r a d i o a c t i v i t y , by 
Z a f fa ro n i t e s t  , and by th e  d isa p p ea ra n ce  o f  th e  -OH 
band in  th e  i n f r a - t e d  spectrum . P a r t i a l  a c e ty la t io n
7i n  d i l u t e  s o lu t io n  a ffo rd e d  th e  21—m onoacetate  which 
give© no form aldehyde on tre a tm e n t w ith  sodium 
hismuth&t© . A ldoste rone was re g e n e ra te d  from b o th  
it©  mono- and d i—a c e ty la te d  d e riv a tiv e©  by th e  a c t io n  
o f  po tassium  b ic a rb o n a te —aqueous m ethano l. T h is had
8 Qh i th e r t o  on ly  been  p o s s ib le  by enzym atic mean© 9 • 
A ld o ste ro n e  i s  r e l a t i v e l y  s e n s i t iv e  to  a c id  and i s  in  
f a c t  degraded  f a s t e r  in  a lo o h o lic  th an  in  aqueous s o lu t io n .  
P a r t i a l  s t r u c tu r e  ( I I I )  i s  suggested  f o r  th e  p ro d u c t o f  
tre a tm e n t w ith  a c id  (no -OH in  th e  in f r a - r e d  sp ec tru m ).
0—  GBU Y H ?H2QH
I
®  q ^  o  < - —  0 ---------- 6B  0  s  0
Q  |]
■OB 
s id e  ch a in  s id e  ch a in
( i n )
th e  d e g ra d a tiv e  ex p erim en ts  to  be d e s c r ib e d  in  th e  
seque1 a re  rem arkable in  t h a t  th e y  were perform ed on 
q u a n t i t i e s  r a r e ly  exceed ing  10 mg. , and in  many case© , 
several product©  were i s o la te d  by c a re fu l  chrom atography 
an# c h a ra c te r i s e d  by a n a ly s is  and l i g h t  a b s o rp tio n  
m easurem ents* The c h a r a c te r i s a t io n  o f  a ld o s te ro n e
ch2oh
I
c=o
17s!
( V 11)- ( V 111 )
( V )  ( V I )
9i s  indeed  one o f the  f i n e s t  exam ples o f  th e  masterly 
te c h n iq u e  o f th e  Sw iss schoo l o f  ch e m is ts .
A ld o s te ro n e , on tre a tm e n t w ith  sodium p e r io d a te  
in  m ethanol s o lu t io n  y ie ld e d  form aldehyde to g e th e r  
w ith  a n e u t r a l  p ro d u c t which had e x c e l le n t  c r y s t a l l i s i n g  
p r o p e r t ie s  and could he sublim ed in  h igh  vacuum• 
f h i s  compound, °20H24° 4 , i s  a  Y -la c to n e  (IH . 
a b s o rp tio n  a t  1780 cm ) ;  t h i s  acco u n ts  f o r  th e  absence 
o f  f r e e  -OH. f h e  Y“^a c ^on® ^ a s  110 red u c in g
p r o p e r t i e s .
Assuming th e  p a r t i a l  fo rm ula ( I ? )  f o r  a ld o s te ro n e  
th e  V - la c to n e  becomes (V ), (¥ 1 ) , (V II) o r  (V T II).
S ince  1 2 -h y d ro x y e tia n ic  a c id  does n o t e a s i ly  la c to n i s e 3^  
s t r u c tu r e  (V) i s  u n l ik e ly .  A 1 7 a -k e to l  group in  
a ld o s te ro n e  i s  m ost u n l ik e ly  as s te r o id s  w ith  a  17a 
s id e  ch a in  a re  b io lo g ic a l ly  in a c t iv e .  Also (¥1) could 
be a p o s s i b i l i t y  in  th e  t a r n a t i o n  and p r o p e r t ie s  o f 
d ia c e ty la ld o s te r o n e . L ikew ise n fo rm ula w ith
s u b s t i tu e n t s  a t  snd C17 p -o r ie n te d  and hav ing  the  
0 ^  m ethy l group w ith  a c o n f ig u ra t io n  seems im probab le. 
A ld o ste ro n e  m ust th en  have t h i s  -OH a t  $1 2 * c15 o r
®18* o rd e r  choose betw een th e s e  fo u r  form ulae
21 -m o n o ao e ty la ld o sten o n s [which does n o t y ie ld  
form aldehyde on tre a tm e n t w ith  sodium b i smut h a t e , thus
10
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p ro v in g  t h a t  th e  k e to l  group i s  a c e ty l  a ted  and t h a t
th e  m onoaeeta te  1b c o r r e c t ly  re p re s e n te d  hy one o f  th e
p a r t i a l  fo rm ulae  ( IX ), (X ), (X I) , o r  (X II) 3 was
t r e a te d  w ith  chrom ic a c id .  I’h is  tre a tm e n t should  n o t
a t ta c k  th e  C^-QH [ p a r t i a l  fo rm ula (X )] , b u t should
g iv e  k e to n e s  e i t h e r  from (IK) or  (XI) and an a c id  from
(X II ) .  In  f a c t  on such an o x id a tio n  a n e u t r a l  p ro d u e t
i s  o b ta in e d  in  good y ie ld  -which s t i l l  c o n ta in s  th©
21-ace to:xy group and r e t a i n s  th e  s tro n g  red u c in g
p r o p e r t i e s .  i-he in f r a - r e d  spectrum  o f t h i s  compound
—1shows, b e s id e s  the exp ec ted  bands (167? and 1626 cnu
-  ^ f - 3 - k e to - j  1760 cm. ;  1739 cm.*1 -2 1 -a c e to x y -2 0 -
—1k e to ) ,  a  s tro n g  band a t  1782 cm. due to  a  V -lacton@ . 
S in ce  t h i s  group does n o t e x i s t  e i t h e r  in  a ld o s te ro n e  
o r  in  i t s  a c e ty l  d e r iv a t iv e s  i t  shou ld  a r i s e  from the  
o x id a t io n  o f th e  2 1 -ace ty la ld o s te ro n ©  w ith o u t th e  
p a r t i c i p a t i o n  of th e  2 0 -k e to l atoms which were s t i l l  
p r e s e n t  in  th e  o x id a tio n  p ro d u c t. Mow, th e  >C = 0 
group o f  th e  la c to n e  i s  n o t s i t u a te d  a t  0 ^  f o r  th e  -OH 
in  a ld o s te ro n e  i s  a t  , 0 ^ ,  o r  and th© f re e
21 -m o n o ace ty la ld o ste ro n e  m ust be capab le  o f  la c to n e  
fo rm a tio n . I f  th e  re a so n a b le  assum ption  i s  made th a t  
th e  >C a 0 i s  a t  th en  a  Y-OH m ust be sought f o r
la c to n e  fo rm a tio n  on r e a c t io n  w ith  chrom ic a c id .  I h i s
12
CHaoAc
CO
(XIII.)
0 — -CO
CH20Ac
CO
(xiv)
C H p O A c  
I *
CO
CHpOAc
( x v i )
13
CH20H
(X V11) (xvm)
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le a d s  to  th e  p a r t i a l  s t r u c tu r e s  ( X I I I ) ,  (X I? ) , (x?) 
and (XV I), where th e  -OH group must have th e  $ 
c o n f ig u ra tio n *  S ince  a ld o s te ro n e  c o n ta in s  n o t th ro e  
h u t  on ly  two f r e e  hydroxy l groups i t  i s  l i k e l y  th a t  
th e  compound e x i s t s  a s  a c y c l ic  h sm ia c e te l form o f  an 
aldehyde group a t  and so p a r t i a l  s t r u c tu r e s
(X?IX) and (XTXXI) can  he w r i t te n  fo r  a ld o s te ro n e  and 
I t s  p e r io d a te  o x id a tio n  p ro d u c t ,r e s p e c t iv e ly ,  She 
c o r r e c t  lo c a t io n  o f  th e  te rm in u s o f  th e  oxygen b rid g e  
was d eterm ined  a s  fo llo w s . Ring A o f  th e  la c to n e  
(XVXXX) was hydrogenated  and a c e ty l  a ted  ( p ro te c t io n  o f  
th e  C ^-keto  group) to the  3B -acetoxy—?a-compound, from 
which on W olff-K ish n er re d u c t io n  fo llow ed  by chromic 
a c id  o x id a t io n ,  3 t l l - d io x o - 5 a - e t i a n ic  a c id  ( c h a ra c te r is e d  
a s  th e  m ethyl e s t e r )  was ob tained*  I t  fo llo w s , 
th e r e f o r e ,  t h a t  a ld o s te ro n e  lias the  norm al s te ro id  
r in g  s t r u c tu r e  (XXX)* The d e sc r ib e d  degradativ©  
r e a c t io n s  a re  shorn  on page IS* •
fh e  s u c c e s s fu l  e lu c id a t io n  o f th e  s t r u c tu r e  o f  
a ld o s te ro n e  h a s  p rtm p ted  m  in te n s iv e  se a rc h  f o r  m ethods 
o f  in t r o d u c t io n  o f  an oxygen fu n c t io n  to  th e  
p o s i t io n  o f  th© s te r o id  nucleus*
OH C H2 OH
O — CH^O
u i -  v;l 14 C4
Cu
( X I X )
AC2O/C5H5 N
CHoOAc
0 —  CH0 —  CH
1 -H 2/P t
2 - u / k
3 -C H 2N2
4 -CPO3 
C02Me
CpO,
CH20Ac
CH.
I
I CO
Biological  ^
Hydroxylation, 0
CH3i_
using adrenals 
( & 0 M M , *) 1 1 9
using microorganisms 
7 6 (3 ,7o6,7£>,8(3 OP 90£/,HOC 
\45oC ,45p ,46c6 ,440C ,440,47,21
H I04
( X X ) - R = H  
(XX|)-R = 0H
( X X  ll)
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fhe in tr o d u c t io n  o f  f u n c t io n a l  groups in to
n a tu r a l  o r  s y n th e t ic  s t a r t i n g  m a te r ia ls  u s in g  e i t h e r
th e  method o f  m ic ro b io lo g ic a l co n v ers io n  o r  th©
c o n v e rs io n  by anim al t i s s u e  enzymes has been  o f  g r e a t
i n t e r e s t  p a r t i c u l a r l y  in  th e  f i e l d  o f th e  s te r o id  
11hormone© « f h u s , i t  has been p o s s ib le  to  c a rry  
o u t h y d r o ly s is ,  h y d ro g en a tio n , d eh y d ro g en a tio n , oxid#ation-| 
r e d u c t io n ,  © poxydation, s id e  ch a in  d e g ra d a tio n , r in g  
c leav ag e  to  la c to n e s  arid h y d ro x y la tio n  on s te r o id  
m o le c u le s , by b io lo g ic a l  means. In  co n n ec tio n  w ith  th e  
in t r o d u c t io n  o f hydroxy l groups in  such m o lecu les i t  i s  
i n t e r e s t i n g  to  compare the p o in ts  o f a t ta c k  when 
a d re n a l p re p a ra t io n s  (6 a , 6 f ,  11B, l ? a ,  1 8 , 1 9 , 21) o r  
m icroorgan ism s (6 $ , ? a ,  7p , Sp (o r  9 a ) , 1 4 a , 1 5 a , 15P»
1 6 a , 1 1 a , 11$,  17a „ 21) a re  u sed . (See page 16  ) *
fh e  in t r o d u c t io n  o f  a hydroxyl group a t  th e  i n e r t  
^18 m ethyl group by a d re n a l p e r fu s io n  experim ­
e n ts  was d e sc r ib e d  in  1955 by K ahnt, h eh e r and 
12W e tts te in  and i s  o f  g re a t  i n t e r e s t  in  co n n ec tio n  
w ith  th© b io s y n th e s is  o f a ld o s te ro n e . (This im p o rtan t 
ach ievem ent was a t ta in e d  when a  10$ ©th& nolie s o lu t io n  
o f  co rtex o n e  (XX) was added to  an ox  a d re n a l p re p a ra t io n , 
th© 18-hydroxycortexon©  (XXI) b e in g  o b ta in e d , which
18
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a f fo rd e d  th e  la c to n e  (XXII) on p e r io d ic  a c id  trea tm en t*  
ih e  p ro o f  o f  s t r u c tu r e  o f t h i s  la c to n e  showed 
unam biguously t h a t  th e  h y d ro x y la tio n  had o cc u rre d  a t  
th e  i n e r t  m ethyl group.
In  a  second approach to the problem  th e  o rg a n ic  
ch em ist ha© ag a in  so lved  a m ajor problem by t o t a l  
s y n th e s is .
Using the  S a r e t t  ketone*^ a s  s t a r t i n g  m a te r ia l ,
14W e tts te in  h a s  ach ieved  a rem arkab le  t o t a l  s y n th e s is  
o f  d -a ld o s te ro n e  in  the  fo llo w in g  way; -  S a re tts *  
k e to n e  (XXII1) on r e a c t io n  w ith  d ie th y l  ca rb o n a te  
was co n v e rted  in to  th e  carbe thoxy  d e r iv a t iv e  (XXIV), 
which on tre a tm e n t w ith  m e th a lly l io d id e  a f fo rd e d  th e  
2 a -m e th a lly l compound (XXV). T h is  p - k e to - e s te r  on 
s u c c e s s iv e  tre a tm e n t w ith sodium b o ro h y d rid e , 
e th a n o l ic  po tassium  hydroxide and h e a tin g  in  benzene 
s o lu t io n  gave th e  hyd ro x y lac to n e  (XXVI). A s u i ta b le  
group f o r  th e  fo rm a tio n  o f the 5-merabered r in g  2) was 
th en  added ( a f t e r  co n version  o f the  f r e e  hydroxyl 
group into k eto n e) by r e a c t io n  w ith  e th o x y -e th in y l-  
magnesium brom ide, le a d in g  to  (XXVII), which on 
s u c c e s s iv e  osmium te t ro x id e  o x id a tio n  and h y d ro g en atio n  
(p a lla d iu m  c a rb o n a te -p y r id in e )  y ie ld e d  th e  v in y l ic
20
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com> ound (XXVIII)• The l a t t e r  mas co n v erted  in to  
th e  a ldehyde (XXX) [v ia  th e  a p ~ u n sa tu ra ted  aldehyde 
(XXIX) 3 which was c y c l is e d  to  th e  pregnane d e r iv a t iv e  
(XXXI), and t h i s  hydrogenated  to  (XXXII). The n ex t 
s te p  was th e  h y d ro ^ y la tio n  a t  02 i , e a s i ly  o b ta in ed  
by co n d en sa tio n  w ith  o x a l ic  a c id  d im ethy l e s t e r  to  g ive 
(X X X III), and i t s  co n v ers io n  in to  th e  a c e ta te  (XXXIV)» 
fo llo w ed  by h y d ro ly s is  to th e  21-hydroxy-3s 2 0 -d ik e to n e  
(XXXVI) .  Then, p r o te c t io n  o f th e  k e to  group 
(co n d en sa tio n  w ith  e th y le n e  g ly c o l)  was fo llow ed  by 
l i th iu m  aluminium h y d rid e  re d u c tio n  o f th e  la c to n e  to  
y ie ld  th e  c y c lo -h e m ia c e ta l (XXXVI1) r e a d i ly  converted  
in to  d , l —a ld o s te ro n e  on tre a tm e n t w ith  h y d ro c h lo r ic  a c id . 
R e so lu tio n  o f th e  d ,1 - la c to n e  (XXXV) [ e a s i ly  o b ta in ed  
from (XXXII)] was ach iev ed  by s e le c t iv e  m ic ro b io lo g ic a l 
h y d ro x y la tio n  [O phiobolus h e rp o tr ic h u s  ( f r . ) Saec. ] 
o f  th e  d—isom er to  th e  <x-ket©l (XXXVI) which was th en  
co n v e rted  in to  d - a l t e s tv r o n e , i d e n t i c a l  in  every  r e s p e c t  
w ith  th e  n a tu r a l  p ro d u c t.
Johnson*® method fo r  in t ro d u c t io n  o f  th e  an g u la r  
a ldehyde in to  1-d eca lo n e  system s h as  r e c e n t ly  been 
d is c lo s e d 3’'*. The sequence o f  h i s  p ro c e ss  i s  shown 
on page 20 .
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The obvious e x te n s io n  to  lQ -n o r - IT -k e to - s te ro id s  
i s  r e c e iv in g  f u r th e r  s tu d y .
I t  h a s  been su g g ested  th a t  th e  b io assay  method© 
used  to  m easure th e  b io lo g ic a l  e f f e c t s  o f  a d re n a l 
c o r t i c a l  hormones can be d iv id e d  in  two groups * .
£m o n e , c o r t is o n e  and h y d ro c o rtiso n e  a re  th e  m ost 
p o te n t  s t e r o i d s ,  and d e o x y c o rtic o s te ro n e  h as  u n t i l  
r e c e n t ly  been found to  be th e  m ost p o te n t member o f  the 
o th e r*  th e  form er group i t  i s  g e n e ra lly  considered
$ h a t e f f e c t s  on ca rb o h y d ra te  and p ro te in  m etabolism  
a re  predom inant w hereas in  th e  l i t t e r  group th e  a c tio n  
on m in e ra l m etabolism  i s  more im p o rta n t. On t h i s  
b a s i s  a l l  th e  a d re n a l hormones have some a c t io n  on 
b o th  m in e ra l and carbojp 'drat©  m etabolism . B ioassay  
m ethods, in  which the  e f f e c t s  o f  s te r o id s  on the  ra d io ­
a c t iv e  o r  i n e r t  sod ium /potassium  u r in a ry  r a t i o  o f  
ad ren a lec to m ized  r a t s  i s  m easured , have been used f o r  
th e  c o n t ro l  o f  th e  i s o l a t i o n  work because o f th e  
p o te n t  e f f e c t  o f a ld o s te ro n e  on m in e ra l m etabolism .
The a v a i l a b i l i t y  o f c r y s t a l l i n e  m a te r ia l  h as  mad© 
p o s s ib le  th e  a ssay  o f  a ld o s te ro n e  in  th e  11 ca rb o h y d ra te” 
group o f  t e s t s ,  in  which i t  has been shown to  have 
a p p re c ia b le  a c t i v i t y 3*8 *3^ .
23
f a b le  IV shows th e  a c t i v i t y  o f  a ld o s te ro n e  in  
c e r t a in  b io a ssa y  methods* I t  can be seen from th e se  
r e s u l t s  th a t  a lth o u g h  a ld o s te ro n e  i s  l e s s  a c t iv e  than  
c o r t is o n e  o r  h y d ro c o r tiso n e  in  th e  ”c a rb o h y d ra te tt 
group o f  t e s t s ,  i t  m ust now be reg ard ed  a s  th e  m ost 
p o te n t  s te r o id  so f a r  t e s te d  in  th e  "m inera l"  group*
S ab le  I?19
P o tency  o f  c r y s ta l l i n e  a ld o s te ro n e  compared w ith  deoxy­
c o r t ic o s te ro n e  in  th e  "m ineral*  group o f  a s s a y s .
Potency
B io assay  method (BOO o r  BOCA = 1)
u r in a ry  r a t i o  in  
adrenalm etom ized  r a t s 120+ 10
M&/K u r in a r y  r a t i o  in  ad rena­
l s  atom ized r a t s 100
Kag&wa t e s t - e f f e c t  on sodium 
r e te n t io n  o f  a d re n a le c t*  rat© 25
Kagawa t e s t  - e f f e c t  on po tassium  
e x c re t io n  o f  a d re n a le c t*  r a t s 5
M aintenance o f  ad ren a leo to m ised  dogs 25-50
M aintenance o f  sodium and p o tassium  
b a la n c e s  in  Adi so n 1 s  d is e a s e 50
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P otency  o f  c r y s t a l l i n e  a ld o s te ro n e  compared w ith  
c o r t is o n e  in  th e  “c a rb o h y d ra te ” group o f  a s s a y s *
Potency
Bio assay  method (c o r t is o n e  o r c o r t i s ­
one a c e ta te  = 1 )
E o s in o p h il d e p le t io n  t e s t  0 .25
Cold s u rv iv a l  t e s t  1
L iv e r  g lycogen d e p o s it io n  t e s t  0 .33
W ater lo a d  t e s t  < 1
On th e  o th e r  hand th e  l i f e  su p p o r tin g  to le ra n c e  o f 
a ld o s te ro n e  i s  25 tim es th a t  o f  BOCA.
fh e  b a s ic  dosage in  c l i n i c a l  ex p erim en ts  was 20-30 
tim es s m a lle r  than  t h a t  o f a c e ty l-c o r te x o n e  on two 
a d d iso n ia n  p a t i e n t s . 7* A ldoste rone  h as  a marked e f f e c t  
on ca rb o h y d ra te  exchange causes no abnorm al w ate r 
r e t e n t io n  and does n o t r a i s e  the  a r t e r i a l  b lood p re s su re  
o v er th e  p h y s io lo g ic a l l e v e l .  M oreover, i t  i s  th e  
on ly  known su b stan ce  h av in g  th e s e  p r o p e r t i e s ,  which 
a ls o  p roduces a marked d ec re ase  in  th e  p ig m en ta tio n  
a s s o c ia te d  w ith  the  d is e a s e .
A ld o ste ro n e  h as  a c o r t i s o n e - l ik e  a c t i v i t y  (see  
f a b le  IV) o f  abou t 50>C.
# tu b e rc u la r  le s io n s  o f  t h e  su p ra re n a l c o r te x  le a d in g  
to  h y p o c o r t ic a l  ad ren a lism  w ith  a  low B asal M etabolic  
S a te , f a t a l  in  6 m onths  w ith o u t la rg e  dosage o f  BOCA 
and g iv in g  a. mahogany p ig m en ta tio n .
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A p a r t i a l  s y n th e s is  o f a ld o s te ro n e  from r e a d i ly  
a v a i la b le  s t e r o id  in te rm e d ia te s  would be th e  p re fe r re d  
p r a c t i c a l  method f o r  th e  p ro d u c tio n  o f th e  hormone in  
q u a n t i ty  a s  r e q u ir e d  in  th e  m edical f i e l d .  Our e f f o r t s  
have been dev o ted  to th e  study  of such a p a r t i a l  
s y n th e s is  from  th e  r e a d i ly  a c c e s s ib le  sapogenin  
he co gen in  which i s  e a s i ly  tran sfo rm ed  in to  (XXXVIII) 
o r  (XXXIX) by s ta n d a rd  methods a s  shown on page 2S  •
The e s s e n t i a l  f e a tu r e  o f  t h i s  problem  and indeed  
th e  goal o f  o u r ex perim en ts was th e  in t ro d u c t io n  o f  an 
oxygen f u n c t io n ,  o r  a p o te n t ia l  oxygen fu n c t io n , a t  
th e  m ethyl g roup , w h ile  p re s e rv in g  th e  re q u ire d  
s te re o c h e m is try ,  t h a t  i s ,  C/D- t r a n s  d ie q u a to r ia l  
r in g  ju n c tio n  and (3~side ch a in . T h is form er 
req u irem e n t can  on ly  be ach ieved  by some form o f  
ru p tu re  o f  th e  r in g  system in  o rd e r  to  a c t iv a te  th e  
I n e r t  a n g u la r  m ethyl group tow ards a t ta c k  by s u i ta b le  
r e a g e n ts .  H aving ach iev ed  t h i s  we m ust d e v ise  a 
s t e r e o s p e c i f i e  r in g  c lo s u re  sequence.
Our work can be d iv id e d  in to  two d i s t i n c t  phases 
which we s h a l l  c a l l s  a ) th e  I s  5 -d ik e to n e  approach and 
b) th e  p -e lim in a t io n  approach .
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As w i l l  become a p p a r e n t  in  the. s e q u e l, the  form er 
method f a i l e d  co m p le te ly , w h ils t  th e  l a t t e r ,  a lth o u g h  
f u l f i l l i n g  th e  f i r s t  p a r t  of our req u irem en ts  showed 
th a t  th e  second p a r t ,  namely th e  p re s e rv a tio n  o f  th e  
O/D- t r a n e  r in g  ju n c tio n  was f ra u g h t w ith  s te re o ­
chem ical d i f f i c u l t i e s  w hich , on g ra d u a l e lu c id a t io n ,  
a llow ed  u s  to  p r e d ic t  th e  course  o f  th e  r in g  c lo su re  and 
to  d e v ise  a s y n th e s is  which would le a d  unam biguously, 
a l b e i t  la b o r io u s ly ,  to th e  d e s ire d  r e s u l t .
In  th e  f i r s t  o f  th e s e  ap p ro ach es, we chose to  
open r in g  D r a th e r  th an  r in g  0 a s  i t  was f e l t  t h a t  
more t r a c t a b l e  p ro d u c ts  would be en co u n tered  in  t h i s  
system .
When th e  1112 0 -d io x o ^a llo p reg n an e  d e r iv a t iv e  
(XXXYIII) was t r e a te d  w ith  po tassium  t^ b u to x id e  
no ev idence o f  a re v e r s e  M ichael r e a c t io n  was f o r th ­
coming (ex am in a tio n  o f the  u l t r a v i o l e t  spectrum ; no 
maximum a t  235-240 mji). I t  was hoped th a t  by 
in t r o d u c t io n  o f  an e le c t ro n  a t t r a c t i n g  m oiety  X a t  
carbon  atom C^q we f a c i l i t a t e  t h i s  r e v e rs e
M ichael r e a c t io n  a s  shown in  sequence (b) (page 2 8 ) .
To t h i s  end 3 P -a c e to x y - l ls 20—dioxo& llopregnane—20-oxime 
(XL) was tran sfo rm ed  to  th e  oxime m esy la te  (X LI). T his 
on tre a tm e n t w ith  po tassium  t-b u to x id e  showed no t r a c e
30
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o f  a p -u n s a tu ra te d  k e to n ic  fu n c tio n . As a c r i t i c a l
t e s t  o f  t h i s  r in g  opening p rocedu re  3 p - a e e to x y - l l i 20-
d i oxo a l io  pregnane was t r e a te d  w ith  sodium boro h y d rid e
u nder c o n d itio n s  which le a d  to  p r e f e r e n t i a l  re d u c tio n
o f  th e  20 -carb o n y l f u n c t i o n ^ .  C onversion to  th e
m © thanesulphonate was fo llo w ed  by tre a tm e n t w ith
po tassium  t**butoxide* The s o le  i s o ia b le  p ro d u c t
(XLII) from th e  r e a c t io n  m ix tu re  (which showed no
s e le c t iv e  a b so rp tio n  in  th e  u l t r a - v i o l e t  a t  220-280 mjx)
showed in f r a - r e d  a b s o rp tio n  a t  3050, 1640, 992 and 910 
- 1 .cm in d ic a t in g  a  m o ie ty , formed by Eg
e l im in a tio n  o f  su lp h o n a te  an ion  w ith 'th e  a-hydrogen  atom 
on Ggj (See page 30 ) • The s t e r i c  req u irem e n ts  fo r  
t h i s  Eg e l im in a tio n  r e a c t io n  m ust th e re fo r e  be much 
l e s s  e x a c tin g  th an  f o r  th e  Is  5 -e lim in a t io n  and i t  was 
r e l u c t a n t l y  concluded th a t  the  f i s s i o n  o f t h i s  1 :5 -  
d ik e to n e  system was foredoomed to  f a i lu r e *
I t  was now f e l t  t h a t  by in t ro d u c t io n  o f a s u i ta b le  
h e te ro a to m  Y in to  r in g  3), r i n g  opening  could be 
ach iev ed  by a (3 -e lim ina tion  (w ith  r e s p e c t  to  th e  11- 
oxo group) by a c id ic  o r b a s ic  re a g e n ts  (see  page 31 )• 
A cco rd in g ly , 3 p -a e e to x y - ll:1 7 -d io x o a n d ro s ta n e  (XLIV)
& S ev e ra l o th e r  a tte m p ts  fo r  e f f e c t in g  1 :5 -  
e l im in a t io n  were a ls o  u n su c c e s s fu l (see  E xperim ental) •
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was p re p a red  from 3 p ;I7 a ~ d ih y d ro x y ~ ll:2 0 -d io x o a llo -  
p regnane (XiXLX) by ac e ty l& tio n  and chromic a c id -
A?.
a c e t i c  a c id  o x id a tio n "  in  55p y ie ld .  The 17~oxime
(XLV) was fo m e d  in  q u a n t i ta t iv e  y ie ld  and re a rra n g e d
(96$ y ie ld )  to  th e  co rresp o n d in g  3 p-ace toxy-11  s 17-
dioxo-17a-aza-D-homoandrostane (X IV I). T his lac tam
could  a l s o  be p rep a red  d i r e c t ly  a s  the  m inor p ro d u c t
o f  the  Schm idt r e a c t io n  on th e  11s1 7 -d ik e to n o  (XLIV)•
12The mao o r  p ro d u c t o f  t h i s  r e a c t io n  was th e  seco­
nd t r i l e  (XjuV II) ( Amaau 234 m^u) .  A p la u s ib le  
mechanism fo r  t h i s  tra n s fo rm a tio n  i s  o u tl in e d  
( A -* B -^ C  + D ) 2®. Shat th e  lac tam  (X1?I) was
n o t an in te rm e d ia te  in  the  Schmidt r e a c t io n  was shown 
by s t i r r i n g  a  s o lu t io n  o f  (XLVX) in  ch loroform  w ith  
c o n c e n tra te d  su lp feu ric  a c id  (Schm idt c o n d i t io n s ) ,  
s t a r t i n g  m a te r ia l  b e in g  o b ta in ed  in  q u a n t i ta t iv e  y ie ld  
When th e  lac tam  (XLVI) was t r e a te d  w ith  a s o lu t io n  
o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id  (10$) in  g la c i a l  
a c e t i c  a c id  (1 0 0 ° ) , an a b s o rp tio n  band appeared  in  the
* In  o rd e r  to  o b ta in  a carbony l fu n c tio n  a t  C o n e
should  ( in  th eo ry ) t r e a t  th e  a - k e to l  g roup ing  w ith
HIO, o r  le a d  t e t r a a c e t a t e .  However, f o r  re a so n s
4 CO-Me
which a re  n o t o b v io u sly  ap p a re n t, th e  system  I ^ oh
r  *
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does n o t r e a c t  w ith  HIQ^ o le a d  t e t r a - a e e t a t e
and i s  reco v e red  unchanged'
u l t r a - v i o l e t  a t  234 mju in d ic a t iv e  of the re q u ire d
e l im in a t io n .  However, only  a  re s in o u s  p ro d u c t
was o b ta in e d  on w orking up the  t o t a l  r e a c t io n  m ix tu re 28,
I t  was now co n s id e red  more advantageous to make use o f
pq
th e  B a e y e r -Y il l ig e r  * la c to n e  s y n th e s is  s in c e  the 
e le c t r o n ic  f a c to r s  were in  fav o u r o f th e  fo rm a tio n  o f 
th e  1 7a- (XLYIII) r a th e r  th an  1 7 - la c to n e  (XLIX)'k in
■a- The co n fo rm atio n a l f a c to r  o f  a “c h a i r ” t r a n s i t io n  st& m m ust a ls o  be co n s id e red  in  t h i s  co n n ec tio n * 4-*
M ig ra tio n  o f  th e  h ig h ly  s u b s t i tu te d  CL.* to the e le c t ro n
d efic ien t 1 7 c t-su b s titu e n t p roceeds th rough  a t r a n s i t i o n
s t a t e  in  which th e  expanded r in g  B p o sse sse s  a c h a ir
form, w hereas m ig ra tio n  o f th e  l e s s  s u b s t i tu te d  CL g
wonld p a ss  th ro u ^ i a t r a n s i t i o n  s ta te  in  which r in g  D
would have th e  "b o a t” form .
H... 0, 4 ^
c-R h
^  *  ^ 4  ■
H
This s itu a tion  i s  however reversed in  the ease of the 
camphor ( i )  where the C*f and not the tertiary  carbon 
G-* moves thus involving a lower energy transition  
s ta te  o f the chair form.
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which th e  more h ig h ly  s u b s t i tu te d  group moves* The
la c to n e  r e a d i ly  underw ent base c a ta ly se d  ^ -e lim in a tio n
on tre a tm e n t w ith  d i l u t e  s o lu t io n  o f po tassium  hydroxide
in  e th a n o l a t  ro o m -tem p era tu re , th e  d e riv e d  1 3 ( l ^
aeco-acid  (L) (Xmax. 239 £ 1 3 ,6 0 0 ) b e in g  o b ta in e d
in  e x c e l l e n t  y ie ld *  A p o te n t ia l  oxygen fu n c t io n  was
now in tro d u c e d  by form ing the  b en zy lid en e  d e r iv a t iv e ,
m ost e f f e c t iv e ly  by u s in g  s a tu ra te d  a lc o h o lic
hydrogen c h lo r id e  s o lu t io n .  Ihe r e s u l t a n t  b en zy lid en e
a c id  (L I) had l i g h t  a b so rp tio n  A max. 325 rajx,
32£ 34 ,200  ( c f .  c innam alacetone A max. 319 mji, £
3336,3005 p ip e r i to n e  benzol A max. 324 mja, £  3 1 ,0 0 0 ). 
fh e  fo rm a tio n  o f th e  b en zy lid en e  d e r iv a t iv e  was most 
e a s i ly  fo llo w ed  spectropho  tome t r i o  a l l y .  For 
p r e p a r a t iv e  pu rposes th e  la c to n e  was t r e a te d  
d i r e c t l y  w ith  benzal& ehyde -  h y d ro c h lo r ic  a c id  in  
e th a n o l s o lu t io n  and the ac id  (L I) i s o la te d  in  40$ 
y i e ld .
For re a so n s  which w i l l  be re v e a le d  in  th e  s e q u e l,  
n o t a p p a re n t a t  t h i s  s ta g e  o f  th e  d e s c r ip t io n ,  we 
s h a l l  now a s s ig n  th e  s te re o c h e m is try  a t  c14  (aa  
shown) to avo id  eo n fu sio n  in  th e  e x p o s itio n  o f th e
them e.
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C onversion  to  the homologue (L II)  was accom plished
v ia  an A r n d t - E is te r t  s y n th e s is ,  th e  W olff rearrangem ent
b e in g  e f f e c te d  in  m e th an o lic  s o lu t io n ,  u s in g  th e  s i l v e r
b e n z o a te / t r ie th y la m in e  c a t a l y s t 5^ . Althou^ri th e
t h e o r e t i c a l  volume o f  n itro g e n  was u s u a lly  c o l le c te d
d u r in g  th e s e  rea rra n g e m e n ts , th e  y ie ld s  o f  pure ac id
( i l l )  o b ta in e d  on e s t e r  h y d ro ly s is  (u s in g  e i t h e r
d i l u t e  sodium e th o x id e  or sodium b ic a rb o n a te  so lu t io n )
seldom exceeded 1 0 -1 5 /. T h is f in d in g  le d  us to
d e v ise  a  new ro u te  to th e  a c id ,
3 f-Ac e t  oxy-11 s1 7 -d io x o an d ro stan e  (XLIV) was now
co n v e rted  to  a m ix tu re  of the  ep im eric  cyanhydrins
These were n o t s e p a ra te d  b u t reduced
(h y d ro g en /p la tin u m ) d i r e c t l y  to  th e  co rresp o n d in g
prim ary  amine ep im ers (L I? ) , d ia s o t is e d  and rea rran g e d
to  y ie ld  3P-acetoxy-llsl7a-dioxo-B~hom oeiicirQ stan@  (L?)
[27$ o v e r a l l  y ie ld  from s t a r t i n g  17a-hydroxy compound 
(XXXIX) 3 * ^~^omo5cei one (1*7) was reco v e re d
& The p re sen ce  o f  th e  iso m eric  17 -ketone  (L7I) formed 
by ro u te  b i s  n o t e x c lu d e d  a l t h o u g h  a c a r e f u l  exam ination 
o f  th e  l a s t  ch rom atographic f r a c t io n s  o f (L?) rev ea led  
o n ly  s m a l l  q u a n t i t i e s  of  o i l y  s i d e  p r o d u c t s .  *™0n the 
A/B p is  fu sed  s e r i e s  W endler, S la te s  and faub have 
r e c e n t l y  shown t h a t  r e g a r d l e s s  o f t h e  c o n f ig u ra tio n s  
o f  th e  s t a r t i n g  cyanhydrin  th e  r a t i o  o f 17a / 17-ketone 
( s /b )  i s  6/ 1 .
0 0 - 0  =  0 HCl/PhCHO -------------------------
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unchanged ( a f t e r  s e v e ra l  days a t  2C°) from s o lu t io n s
o f p e r a c e t i c  and p erb en zo ic  ac ids*  However,
38 39tre a tm e n t w ith  pe r t r i f lu o r a .e e t i c  a c id  ' * under 
r ig o ro u s ly  c o n tro l le d  c o n d itio n s  a ffo rd e d  the  d e s ire d  
seven membei*@d r in g  3) la c to n e  (LVII) in  50-53?" y ie ld .  
T reatm ent w ith  b e n z a ld e h y d e -sa tu ra te d  hydrogen 
c h lo r id e  fu rn is h e d  th e  b en zy lid en e  homoacid (L II)  
a f t e r  re p e a te d  h y d ro ly s is  w ith  5$ sodium 'b ica rb o n a te  
in  m ethanol s o lu t io n  (see  I2xpe r i s e n  t a l )  in  50$ y ie ld .  
T h is was now tran sfo rm ed  to th e  m ethyl k e tone  (1 IX) 
v ia  th e  d iazo k e to n e^ 0 *42,43 (L V III) . T his ketone 
(o b ta in e d  a s  an o i l )  was t r e a te d  d i r e c t ly  w ith  
p o tassiu m  e th o x id e  (0 .2  M)• M ichael a d d i t io n  was 
com plete in  16 h o u rs  a t  room tem p e ra tu re  (p o la r im e tr ic  
and sp e c tro p h o to s ie tr ie  c o n tro l)  and the  d e riv e d  
c y c l is e d  k etone  (IX) was i s o l a te d  a s  a h ig h ly  
c r y s t a l l i n e  compound m.p* 193-4° [ct- ]p - 26° .  In  the 
i n f r a - r e d  t h i s  compound showed bands a t  1700 cm*"^
(11-  and 20-k e to n e s )  and 1630, 1600, 1585, 1494, 994, 
747 and 694 ( t r a n a - b e n g y lid e n e j« R eduction
w ith  l i th iu m  aluminium h y d rid e  gave (p re su m a b ly )^  th e  
3 (3 811 p s 20 (3-t r i e  1 o f ( is o ? )  a l io  pregnane (LX I). From 
c o n tro l le d  ozono l y s i s  fo llow ed  by re d u c t iv e  work-up
42
( z in c - a c e t ic  a c id ) were i s o l a t e d  benzaldehyde and 
th e  1 8 -a ld e h y d e - t r io l  (LXI1) in  e q u ilib r iu m  w ith  the  
(11 —> 18) h e m ia c e ta l-3 s 2 0 -d io l  (L X IIl) . That the 
eq u ilib riu m , fav o u red  the  hem iacet& l form (1XXI1) was 
dem o n stra ted  by th e  absence o f  carbonyl (—CHC) 
a b s o rp tio n  in  th e  in f r a - r e d  spectrum . T his le a d s  
to  p a r t i a l  fo rm u lae  (1X111) and (1XIT) f o r  th e  t r i o l .  
W o lff-K ish n er r e d u c t io n  gave ( in  70'/. y ie ld )  an ( i s o ) -  
a l lo p re g n a n © -3 :ll  5 2 0 -t r i o l  (1XV) m .p. 202-5° E o s + 59° 
n o t  id e n t i c a l  w ith  3PsllB s 20p -a llo p reg n a n e  t r i o l  
sup* 203—5 ° + 6®° (e th a n o l)*  From a
" c o n s id e ra t io n  o f  o p t ic a l  r o t a t i o n  d a ta  (see  fa b le  7) 
i t  was concluded th a t  th e  M ichael r in g  c lo s u re  had 
le d  to  th e  14- i s o - 17- i s o  s e r i e s f a  p r e d ic t io n  which
fa b le  71
R o ta tio n s  o f  some s te re o iso m e rs  in  th e  a llo p reg n an e  
s c r ie s*
   S e r ie s  (TaT^H
Compound l4n .l71ao 14n,17n 14 ieo .l7 iao
A llo p re  gnanolone -7 8 +91
A llop regnano lone
A ce ta te -75 +77
A llo p reg n an e-3 s20- 
d ione -50 +121
A llop regnane-3  P: 20p- 
d io l  d ia c e ta te +22
A llo p r egnan e-3  P s 2 Qa- 
d io l  d ia c e ta te -0 .3
43
1703 cm. 1690 cm.
R e ic h s te in 's  D ioxodiginane (KE3L; 1$) .
1703 cm.
Compound ( LXVII ) ( KC1; 1% )
CHOH
Pt/H2/HCl04
( L X V )
CH3
I .
CHOAc
( LXVII)
was confirm ed by th e  fo llo w in g  experim ents* When th e  
t r i o l  (LXV) was h y d r o g e n a t e d  i n  s o lu t io n  in  a c e t i c  
ac id  c o n ta in in g  p e r c h lo r ic  a c id  in  t h e  p resen ce  o f  
p ia tin u ra  f a c i l e  t r a n s ^ d ia x ia l  e l im in a tio n  o f  w a te r 
(9 : 1 1 ) was follow ed, by h y d ro g en a tio n  o f th e  9*11 
double bond. The r e s u l t a n t  5*2 0 -d ia c e ta te  (LX?I) was 
s a p o n if ie d  and o x id is e d  (chrom ic a c id )  to  3 : 20-d io x o -
14- 1 so- 17- i s o - a l 1opregnane (LXVTI) id e n t ic a l  in  every
46r e s p e c t  w ith  F .e ic h s te in * s  d io x o d ig in an e  im.p* 
mixed Ei*p., [ a f 39° and i n f r a - r e d  s p e c tr a  (KOI 
d isc } ]*  The in f r a - r e d  s p e c tra  tak en  f o r  th e  i d e n t i f i c ­
a t io n  o f  th o se  compounds a re  shown on page 4 3  •
I t  now became im p o rta n t to d e term ine  i f  r in g  
c lo s u re  were d i r e c te d  by the c o n f ig u ra t io n  o f the  
hy drogen atom a t  h u iin g  th e  p ro longed  ac id
tre a tm e n t n e c e ssa ry  f o r  1 8 -b en ay lid en e  fo rm a tio n  th i s  
may have become in v e r te d  from i t s  norm al (14&) 
c o n fig u ra tio n *  The o th e r  p o s s i b i l i t y  was th a t  
e q u i l ib r a t i o n  may have taken  p la c e  d u rin g  the  
o y o l i s a t io n , A ch o ice  between th e se  a l t e r n a t i v e s
was made as  fo llow s* T reatm ent o f  th e  ’7-membered 
r in g -B  la c to n e  (L ? II)  w ith  po tassium  e th o x id e  (1 hour 
r e f lu x  u n d er n itro g e n )  a f fo rd e d  th e  (o i ly )  seco ac id
0 v / N 4 ' 0 _ c ' r
( L V I I )
CO-CH.
KOEt
H ( L X X )
F3C-CO3H
'S— LTA1H4- 
2-HCI04/H2/P t
/ C 0 2H
H ( L X V  III)
CO-CH.
( l x x i i )
0
i -O H ®  
2 - C p O 3 / h 0 A c  
0
H
( l x  x i v ) ( l x x i i i )
(1XVTII) { Xiaax. 257 m^i). D ire c t co n v ers io n  to  
tlie  m ethyl k e tone  (LXIX) fo llow ed  by r in g  c lo su re  
(e x a c tly  as in  the cogna te  p re p a ra t io n  d e sc r ib e d  
above) a f fo rd e d  an isom er (LIX) o f  3 P -aeetoxy -* ll120- 
d io x o a llo p re g n a n e , ^a ]^) -1 8 2 °* JProm a c o n s id e ra tio n  
o f  r o t a t i o n  d a ta  combined wi th  ou r f i r s t  r a t i o n a l i s a t i o n  
o f  r in g  c lo s u re  mechanism we now concluded th a t  r in g  
fo rm a tio n  was indeed  governed by th e  0^  c o n f ig u ra tio n  
and th a t  we had now e n te re d  the 1 3- i so -14-n —17~ iso  
a e r i e s .  D em onstra tion  of the  t r u t h  o f  t h i s  assum ption  
was fo rth co m in g  by com parison w ith  a  compound o f  th e  
an d ro s ta n e  s e r i e s '*  f e r a c id  tre a tm e n t o f  (LXX) 
a ffo rd e d  th e  l l - o x o - 3 s !7 ~ d ia c e ta te  (LXX1). R eduction  
w ith  l i th iu m  aluminium hyaxi.de was fo llow ed  by removal 
o f  th e  l ip -h y d ro x y l group as b e fo re  (d e h y d ra tio n -  
hydro g e n a tio n ) ,** th u s  g iv in g  (DXXII)• S a p o n if ic a tio n  
o f  th e  t o t a l  m ix tu re  fo llow ed  by chromic a c id  tre a tm e n t 
a ffo rd e d  as main p ro d u c t 3sl7-dioxo~13«*iso-14-n^ 
an d ro s ta n e  (LXXIIi) -  74°. C o r re la t io n  was made
# C o r re la t io n  w ith  o th e r  a llo p re g n an e  s e r ie s  f a i l e d
when the  11-oxygen was removed as above.
## f h i s  d eh y d ra tio n  did n o t p roceed  so sm oothly as  in  
th e  13-n  s e r i e s  p robab ly  due to  th e  r a th e r  d i f f e r e n t  
ste reocK em ica l environm ent. Indeed  from th e  subsequent 
s a p o n if ic a t io n  and o x id a tio n  th e  3 s l l s lT - t r i o n e  was 
o b ta in ed  as a by p ro d u c t.
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by i r r a d i a t i n g  a  benzene s o lu t io n  o f  3 :1 7 -d io x o - 
an d ro s ta n e  (l»XXIV) to g iv e  th e  lum i-com pound^ 
(IX X III) [ a 3^-76° i d e n t i c a l  in  every r e s p e c t  w ith  
th e  s y n th e t ic  13- i s o - 3 :1 7 -d ik e to n e . fo  com plete
th e  stu d y  o f  th e  r in g  c lo s u re  the 7-membered rin g -B  
la c to n e  was opened u n d er ac id  c o n d it io n s .  Ihe  
r e s u l t a n t  m ix tu re  o f  a c id s  was tran sfo rm ed  v ia  
the  m ethyl k e to n es  to  th e  c y c l is e d  p ro d u c t w hich , 
on co n v e rs io n  to  th e  3 120-d ik e to n e  by th e  method 
d e s c r ib e d  above, proved to  be an in s e p a ra b le  m ix tu re  
( fa ]^  - 22°) presum ably c o n ta in in g  the  1 3 -i s o - 1 4 -n -  and 
1 3 - n - l4 - i s o - s te r e o  iso m ers .
As a f i n a l  experim ent in  t h i s  phase o f the 
in v e s t ig a t io n  th e  14 - i  s o -benzyl id  ene d ik e to n e  (LX)
{[c ]p -2 6 ° | Xmax. 235 mjx, (z 18 ,000) was su b je c te d  to 
u l t r a - v i o l e t  i r r a d i a t i o n  (benzene s o lu t io n ) .  Prom 
t h i s  experim en t an iso m e ric  d ik e to n e  was i s o l a t e d  
( [ a ]p  + 1 0 °? Amax. 252 u p , £  1 4 ,0 0 0 ) .
I t  was hoped t h a t  f i s s i o n  o f th e  13s 14 bond 
( a c t iv a te d  by th e  s ty re n o id  grouping) m ight le a d  to 
a  reco m b in a tio n  o f th e  f i s s io n  p ro d u c t (LXXV) to  th e  
l e s s  s t a b le  isom er (LXXVI). However, th e  k etone  w ith  
[a (^  + 1 0 ° proved to  be th e  (ex p ec ted ) c i s  s ty re n o id
Tnans 13 (a), 44(a)
c o . c h 3
Series 1
Cis 1 3 ( a ) ,  44(e)
C0 .CH3
Series 11
Trans 13(e), 44(e)
C0.CH3
Cis 13 (e), 44(a)
CO.CHg
Seriesm Series iv
isom er (LXXVII). T his was shown by q u a n t i ta t iv e  
r e d u c t io n  (h y d ro g e n -p a lla d ise d  c h a rc o a l)  o f  (IX) and 
(LXXVII) to  th e  same d ihyd ro  compound (1X X H II).
A lthough t h i s  experim en t f a i l e d  in  i t s  i n i t i a l  o b je c t iv e ,  
i t  does how ever d em o n stra te  th e  tram s n a tu re  o f  th e  
s ty re n o id  m oiety*
The exp erim en ts  above confirm  t h a t  f o r  th e  system 
we h a fe  chosen a c i s  Q/D r in g  fu s io n  i s  more s ta b le  
th an  a t r  an s .s in c e  in  e f f e c t  we have been ab le  to 
s y n th e s is e  two o u t o f  the  p o s s ib le  th re e  s te reo ch em ica l 
> s e r i e s . S e r i e s  I I I  i s  excluded ( tram s-d ia x ia l  
fu s io n  o f  5-membered r in g  3) from which a b o a t r in g  C 
would be form ed) le a v in g  I  (norm al a llo p re g n an e  s e r i e s ) ,  
I I  ( 1 3 -n - l4 - i s o  s e r i e s ) ,  and I?  (13- i s o - 14-n  s e r i e s ) .
How th a t  s e r i e s  I I  and I ?  have come w ith in  our 
n e t  i t  rem ain s f o r  u s only  to d ev ise  a s y n th e s is  t h a t  
w i l l  le a d  s t e r e o s p e c i f i c a l ly  to  a t r a n g  hydrindan© 
system . An approach which seemed (on c o n s id e ra tio n  
o f  m o le c u la r  m odels) very  a t t r a c t i v e  to  u s  i s  now 
d e s c r ib e d . The g o a l o f  t h i s  p a r t i a l  s y n th e s is  i<
th e  d ien e  (LXXIX). This compound can on ly
The c e n tre  a t  w i l l  b# d is re g a rd e d  in  t h i s  
d is c u s s io n  s in c e  the carbon atom sub tended  by i t  (02q) 
c a r r i e s  a ca rb o n y l group th e re b y  a f fo rd in g  th e  means 
o f  e q u i l ib r a t io n  ( a t  •
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c y c l is e  in  one mode in  which the  b aa zy lid en e  m ethyl 
group f in i s h e s  in  th e  c o n f ig u ra t io n , th e  s id e  
ch a in  h e a r in g  th e  ca rb an io n  approach ing  from th e  
a - f a c e  o f  th e  m o lecu le . When a model was c o n s tru c te d  
i t  was found t h a t  a  £ approach in  which th e  b en zy l!d en e  
m ethyl group went below th e  p lan e  o f  th e  m olecule to  
th e  a - c o n f lg u ra t io n  r e s u l t e d  in  c o n s id e ra b le  s t r a i n  
i n  th e  t r a n s i t i o n  s t a t e ,  th e  d i s t o r t i o n  in  th e  n a sc e n t 
r in g  B only  b e in g  r e l ie v e d  by th e  ad o p tio n  o f  a  b o a t 
form by r in g  C.
When th e  b sn z y lid en e  a c id  (111) was t r e a te d  w ith
brom ine (IM) i n  p resen ce  o f  hydro brom ic a c id  th e
12-monobromo d e r iv a t iv e  (LXXX) was o b ta in e d
(presum ably by a d d i t io n  and dehydrobrom ination  a t
0 The s u b s t i tu t i o n  on th e  double bond12 13
was accompanied by the expected  bathochrom ic s h i f t  
o f  j a .  IB mji i n  the u l t r a - v i o l e t  a b s o rp tio n  spectrum , 
jftarther p ro o f  o f  th e  p o s i t io n  of th e  brom ine atom a t  
®12 was o b ta in e d  by o z o n o ly s is  of the  brom obenzylidene 
a c id  (1XXX) to an amorphous b rom od icarboxy lic  ac id  
(iXXXIb), Xmax. 263 mp, £  5 , 500. f h i s  i s  in  c o n t r a s t  
w ith  th e  chromophore produced by o z o n o ly s is  o f th e  
b sn z y lid e n e  a c id ,  th e  d ia c id  (LXXXIX) in  t h i s  case  
h av in g  Xmax. 248 mjx§ t  1 1 , 000.
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An a t ta c k  was now launched  on th e  bromoacid in  
an a tte m p t to  e f f e c t  1*4 hydrogen bromide e l im in a tio n  
[from  th e  pY form o f th e  u n s a tu ra te d  ketone system 
(1XXXIII) ]* However, th e  fo llo w in g  s e t s  o f  re a g e n ts  
and c o n d itio n s  l e f t  th e  s t a r t i n g  a c id  s u b s ta n t ia l ly  
unchanged.
R eagent tem p era tu re tim e
C o ll id in e 170° ( r e f lu x ) 1
C o ll id in e 180° ( s e a le d  tube) 16
L ith ium  c h lo r id e -  
Dime thylform am ide r e f lu x 18
Calcium e a r  bona t e -  
B im ethy lacetam ide r e f lu x 1
S o d am id e-liq u id  Ammonia 20® 16
Sodiome th y l a n i l i n e -  
M e th y la n ilin e r e f lu x 3
P otassium  J~ b u to x id e r e f lu x 0.5
P otassium  V b u to x id e 20° 24
U nsuccessfu l a t te m p ts  w ere now made to  co n v ert 
th e  b m ^ y lld e n e  ac id  ( I I I )  o r  it©  12—bromo d e r iv a t iv e  
(LXXX) w ith  p e r c h lo r ic  a c id  to  th e  co rresp o n d in g
14B p iro la c to n e s  A and B f u r th e r  c o n v e r t ib le  to  th e  ^
( l x x x i v )
A  max. 343 mu
( l i x )
A  max. 325m
f
A  - O . / v i A
A T h
( X L I V )
Bp q 
Peracid
(LXXXV) 1-Collidine
2-PhCHO/HCl
3_ Arndt-Eisterb
4_Conversion into 
methyl Ketone 
S-Cuclisatloa 
P'h CO-CH.
Peracid/
A
0 - c  =  0 
Bp
u _^ Collidine v 
H 2-PKCHO/HCl
(L X X  X V  l) 3_Conversion 
into methyl ketone
s e r i e s  v ia  th e  r e s p e c t iv e  14-hydroxy a c id s .  D uring 
th e s e  in v e s t ig a t io n s  i t  was found th a t  an e th a n o lic  
s o lu t io n  o f |j^e bromoacid (l»XXX) r a p id ly  l o s t  i t s  
343 mp. ( -Cs=0-C=0 ) a b s o rp tio n  band, a band a t  310 mp 
ta k in g  i t s  p la c e .  f h is  change could be a c c e le ra te d  
by exposing  th e  s o lu t io n  to s u n l ig h t ,  and r e ta rd e d  
by s to r in g  in  th e  d a rk , and must be due to  t r a n s  -  
c i s  is o m e r is a t io n  (o r  p o s s ib le  o x id a tiv e  ru p tu re )  
o f  th e  s ty ren o x d  chrom ophore. One experim ent 
d e v ise d  to  a c t iv a te  the ca rb an io n  e l im in a tio n  r e a c t io n  
(se e  page S A ) hy u s in g  th e  ^-brom ophenacyl e s t e r  0 , 
le d  on ly  to  e s t e r  h y d ro ly s is .  As a f u r th e r  means o f 
in tro d u c in g  a  r in g  D u n s a tu ra t io n ,  a s tu d y  o f  the 
b ro m in a tio n  o f the benzyli& ene seco -k e to n e  (LIX) was 
u n d e rta k en . I t  was hoped th a t  th e  m ethylene group 
(C^y) m ight b ro is in a te  b e fo re  the co n ju g ated  system , 
b u t a d d i t io n  o f  one mole o f  bromine u nder a c id  
(hydrobrom ic a c id )  c a ta ly s i s  a f fo rd e d  on ly  th e  12-* 
bromo compound (LXXXIT) (by a d d i t io n -e l im in a t io n j  
see  page ) a s  shown by th e  bathochrom ic s h i f t  i n  th e  
u l t r a - v i o l e t  a b so rp tio n  spectrum  o f 18 spu (See 
page $6  ).
& f h i s  e f f e c t  had no t been observed  in  th e  
debrom inated  s e r i e s  u n t i l  th e  compounds were 
a c tu a l ly  i r r a d i a t e d  w ith  u l t r a - v i o l e t  l ig h t*
*( l x x x v i )
-3 »-
o^ / \ lA ^ o- h
OAc
(  L X X X I X  )
\  max. 235 mju 
£  7,200
0
H
H H
^  ( L X  X X V I  l l )
Xmax.270m/i
£  3,200
in base X m ax, 310 m/i 
8  4 fooo
59
A nother a ttem p ted  co n v ers io n  to a  s y *  compound 
made u se  o f  the  bromoke to n es  in  th e  an d ro s ta n e  and 
D -hom oandrostare s e r ie s*  T reatm ent o f  3 (3 ~ ace to x y -lls l7 - 
d io x o an d ro s tan e  (XLIT) w ith one mole o f  bromine 
a f fo rd e d  th e  16-bromo d e r iv a t iv e  (XXXX7) w hich, 
how ever, f a i l e d  to  r e a c t  w ith  p e r t r i f l u o r a c e t i c  acid*
1$  th e  same way, 3 p -ace to x y -lls l7 a -d io x o -1 7 -b ro m Q -D - 
homo a n d ro s ta n e  (LXXXVT)' [p rep ared  by a d d i t io n  o f  one 
mole o f  brom ine to  th e  homoketone (LT)] was reco v e red  
unchanged a f t e r  p ro longed  tre a tm e n t w ith  p e r t r i f l u o r ­
a c e t i  c acid*  When a crude p re p a ra t io n  from an 
a ttem p ted  p e ra e id  o x id a tio n  of th e  17-bromohomoketone 
(1XXXVI) was t r e a te d  w ith  m ild  b a s e , th e re  was formed 
a  compound w ith  l i g h t  a b s o rp tio n  co rresp o n d in g  to  t h a t  
o f  a d io sp h e n o l. Xhis r e s u l t  can be r a t io n a l i s e d  
by assum ing an in te rm o le c u la r  d is p ro p o r t io n a t io n  o f  the 
d e r iv e d  a - k e to l  (1XXXYII) le a d in g  to the  r in g  D 
d io  sphenol (1XXXVIII), Xmax. 270 mjx [Xm ax. 310 my\ 
i n  b a se j a c e ta te  (LXXXIX), Xm ax. 235 mji]. D uring 
an a ttem p t to  lo c a te  (the bromine atom o f the bromo- 
homoketone (XXXXVI) a t  an e f f o r t  was made to
# On th e  o th e r  hand , the  use  of 2 .4  m oles o f  bromine 
r e s u l t e d  in  the up take  o f  2 .0  m oles to  a f fo rd  a m ix tu re  
o f  d i -  and tr ib ro m id e  (LXXXVT; DXXXVII?)•
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s y n th e s is e  th e  oromohomoketone v ia  th e  17-hydroxy- 
m ethy lene d e r iv a t iv e  (XO). T h is compound could be 
form ed u s in g  e i t h e r  e th y l or amyl fo rm ate  and had 
th e  expected  l i g h t  a b so rp tio n  (see  E xperim ental) • 
However* r e a c t io n  w ith  bromine d id  n o t fo llo w  th e  
ex p ec ted  setiuence (XG) (LXXXVT) s in c e  th e  p ro d u c t 
( i s o la t e d  a s  an o i l )  co n ta in ed  no bromine and i t s  U.Y. 
spectrum  showed a  maximum a t  276 mp. O x id a tio n  w ith  
chrom ic a c id  le d  to a  h ig h  m e ltin g  acid*  p o s s ib ly  
th e  P-aeCQ-ao id  (XOI) vdiich was n o t in v e s t ig a te d  
fu r th e r*
We n e x t devoted  our a t t e n t io n  to  experim en ts  w ith  
16th e  *£sT «17a~ketone (XGII) * r e a d i ly  p rep a red  from 
(MXXYI) by tre a tm e n t w ith  r e f lu x in g  c o l l id in e .  
A ttem pted a d d i t io n  o f  th e  e lem en ts o f m ethanol o r  
hydrogen bromide ( to  p ro te o t  th e  double bond in  th e  
su b seq u en t p e ra c id  tre a tm en t)  met w ith  no su c c e s s .
A ll a t te m p ts  to  in tro d u c e  a l a c to n ic  fu n c tio n  in to  
r in g  3) o f  th e  17-brom o-D -hom o-llsl7u^diketone having  
f a i l e d ,  we re tu rn e d  to a c o n s id e ra tio n  o f  th e  
p o s s i b i l i t y  o f  lac tam  fo rm a tio n . The s i t e  o f 
b ro m in a tio n  (C jj)  waS Proved beyond doubt by s u b je c t in g
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th e  brom oketone (LXXXVI) to  dehydrobrom ination  u s in g  
r e  f lu x in g  c o l l id in e .  She ^  r in g  D horaoketcne
(XCII) was formed in  m oderate y ie ld  ( Amax- 225 m/i).
B n fo r tu n a te ly  th e  d e riv e d  oxin® (XOIII) f a i l e d  to  
undergo th e  Beckmann rearrangem en t to th e  re q u ire d  
a p -u n s a tu ra te d  lac tam  (XCIT) even under th e  m ost 
v ig o ro u s  c o n d itio n s  (see  E x p e rim e n ta l) . An a b o r tiv e  
a tte m p t to  app ly  th e  Schmidt r e a c t io n  to  th e  A l 6~ 
homoketon® (XCII) le d  on l$  to  th e  p ro d u c tio n  o f  a 
b r ig h t  ye llow  compound m.p* 320° which was n o t id e n t ic a l  
w ith  th e  lac tam  (XGIT) and was n o t th e  n i t r i l ®  (XCV) 
f o r  i t  showed no -C=H a b so rp tio n  ( l .R .  sp ec tru m ). The 
n a tu re  o f  t h i s  compound was n o t in v e s t ig a te d  fu r th e r*  
When th e  B-homoketcne {IN) was t r e a te d  w ith  h y d razo ic  
a c id  under th e  Schmidt c o n d itio n s  a good y ie ld  o f  the  
bishom olactarn (XCTX) was o b ta in e d . T hat th e  d i r e c t io n  
o f  th e  course  o f  th e  r e a c t io n  had tak en  th e  expected  
ro u te  was shown by 8- e l im in a tio n  under a c id ic  o r  b a s ic  
c o n d itio n s  to  a f fo rd  a s e c o -amide (XGVII) to g e th e r  
w ith  a sm all y ie ld  o f  th e  se c o -ac id  (X C V III)•
# S ev era l o th e r  a tte m p ts  to o b ta in  the  s e e o -a c id  
in  good y ie ld  e i t h e r  by n i t r o s a t io n  o f th e  lac tam  
(XCTI) o r o f  i t s  se co -am ide, were made under a wide 
ran g e  o f  c o n d itio n s . (Bee e x p e r im e n ta l) .
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H y d ro ly s is  o f  t h i s  amide proved to  be m ost c a p r ic io u s , 
b u t o f  many p ro ced u res  t r i e d  (see  ex p e rim en ta l)  tb.e 
b e s t  r e s u l t s  were o b ta in ed  by e f f e c t in g  th e  3-  
e l im in a t io n  s te p  w ith  sodium a c e ta te - a c e t i c  anhydride 
whereupon th e  r e s u l t a n t  d ia c y l amide (XCII) was 
r e a d i ly  co n v erted  to  th e  seo o -aoift (XCVIIZ) u n d er m ild  
b a s ic  c o n d i t io n s .  The p ro o f o f  s t r u c tu r e  was 
com pleted by co n v e rs io n  to th e  b en sy lid en e  a c id  (111) 
and com parison w ith  a sample p rep a red  v ia  th e  la c to n e  
(iV XI) (see  psg’S 4 0 )• Encouraged by t h i s  su c cess  we 
now a p p lie d  th e  Schm idt r e a c t io n  to  th e  17-brom ide 
(LXXXVI). The brom olactam  ( c )  was o b ta in ed  in  good 
y ie ld  and underw ent dehydrobrom ination  ( r e f lu x in g  
c o l l id in e )  to  a f fo rd  the  a fr-u n sa tu ra te d  lac tam  (XCIV)
4Q
which had th e  expected  s p e c tr a l  p r o p e r t ie s  • p~
H lim in a tio n  o f t h i s  compound (u s in g  sodium a c e ta te )
f a i l e d  b u t p ro longed  h e a tin g  w ith  10p h y d ro c h lo r ic
a c id  -  a c e t i c  ac id  a ffo rd e d  th e  a c id  (01) as  an o i l
( X  max. 236 u p ) . The u n s a tu ra te d  amide (CXI)
was o b ta in e d  d u rin g  base c a ta ly se d  0- e l im in a t io n .
An a tte m p t to co n v e rt t h i s  to the  n i t r i l e  (C lI I )  and
th en ce  to  the  m ethyl ketone (CIV) met w ith  no su c c e s s ,
f o r  a lth o u g h  the  crude p re p a ra t io n  from a d eh y d ra tio n
50o f  (O il)  w ith  th io n y l c h lo r id e '' appeared  to  c o n ta in  th e  
~0=M group ing  (III. 2230 cssf1) th e re  was no s e le c t iv e
Ph
J  CO.CHN2
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ab s o rp t io n  in  the  u l t r a - v i o l e t  spectrum  between 220 
and 300 mjn P erhaps a d d i t io n  o f  th io n y l c h lo r id e  
to  the  12*13 double bond had occurred*
The s im th e s is  o f the ac id  (01) le a v e s  th e  way 
C le a r  f o r  ex perim en ts on the  c y o l is a t io n  o f  r in g  D 
u n s a tu ra te d  compounds. For exam ple, i f  we c a rry
o u t th e  sequence (GI) (CIY) ~*(C?) th e  f f - u n s a tu r a te d
k e to n e  [ in  e q u ilib r iu m  w ith (GIT)] i s  now cap ab le  
o f  s h i f t i n g  in to  v iny logous c o n ju g a tio n  (C7I) w ith  
th e  11-k e to n e . O y d is a t io n  w i l l  now a f fo rd  the  
compound (GTII) which on l i th iu m  aluminium h y d rid e  
r e d u c t io n  and c o n tro l le d  o x o n o ly sis  should a f fo rd  
( W i l l ) .  T h is  on fo lf f -K ls h n e r  re d u c tio n  and 
h y d ro g en a tio n  o f  th e  14*15 double bond should  now 
g iv e  3P*llp*20(3-allopregnane t r i o l  (GIX). Having 
proved th e  s te r e o s p e c i f i c i t y  o f  th e  c y o l is a t io n  we 
cou ld  now e a s i ly  ex tend  the s y n th e s is  to  e la b o ra te  
th e  a d d i t io n a l  fu n c tio n a l groups o f a ld o s te ro n e  
(21-h y d ro a y lf  ^ - 3~ke tone) by s tan d a rd  m ethods.
A proposed  scheme i s  shown on page 67.
These s te p s  l i e  in  th e  f u tu r e  a t  th e  tim e o f  
w r i t in g  b u t the  au th o r  f e e l s  t h a t  a lthough  he has
70
n o t succeeded in  the p a r t i a l  s y n th e s is  o f  a ld o s te ro n e  
i t s e l f  he h as  exposed some of th e  p i t f a l l s  a long  a 
p o s s ib le  avenue and perhaps made the  ground c le a r  f o r  
a  s u c c e s s fu l  a t ta c k  on what h as  b een t f o r  h im , a  m ost 
i n t e r e s t i n g  chem ical problem .
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KBW OOMPOUMDS
3 P-* A ce to x y -11- o xo~ 20-oxii&ino- 
a llo p re g n a n e
m .p.
188-9°
I«]D 
-  33°
3 &~&qwtoxy-li-oxo-2Q~m© th an e- 
sulphonyloxim ino a l lo p r  egnane 124-5° + 25°
3 P*Aee toxy-1  l-oxo-20-a©©t©x;i- 
aino a l io  pregn&ne 149-50° + 42°
3P-*A © etoxy-Il-oxG aliopregn-20- 
ene e thy leyano  a c e ta te 2 2 0 ° - 1 0 0 °
3(VAectoxy-ll-oxo€LLlopregnane«»
20- o l 1 9 2 ° + 13°
3{V A cetG xy~ll-oxaariopregnaa© - 
20- 1?!e thane su l ohonate 170° ♦ 26*
3(V H ydroxy-ll-oxo a l lo p re g n -20-  
one 147° + 13°
3 V A ce to x y -ll-o x o -1 3  ( i7 )~ seo o an - 
diro s V I 2- en e -17- n i  t r i  1 e 155-7° -  55°
3 p -A ceto x y ~ ll~ o x o -1 3 (1 7 )-scco - 
andro © t  an o lac  tone 218-9° -  22°
3fV H ydroxy-ll-oxo-13 ( l7 ) - s e c o -  
and r® st» l 2 -ene~ 17-carboxy lio  ac id 155* -  4.<
3 p-Hy& roxy-ll-o x o -1 8 -b e n z y lid e n e -  
13 {17) -  se co andro s V I  2- e n e - l  7 -  c a r­
boxyl i c  ac id 257-8° +320°
3 V H y d ro x y -ll-o x o -1 8 -‘b en zy lid en e- 
1 3 (17 ) - se e o a e tio c h o l-12-e n e - 20-  
c a rb o x y lic  ac id 253-4° ♦3 0 1 °
3 p-A e e t  o xy -11 -oxoandro s ta n e -1 7 -  
ey& nhydrin 159-61° -  1 2 °
3 (3—Acetoxy—11 s 17 a-dioxo-D-hoaao— 
andro s ta n e 185-6° -  29*
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3P-Acetoxy-ll}17a-dioxo-B^lioTno*- 
an d ro b t& nolactone
uiop,
182 -3~
[a 1 
-  66 °
J ^ - f iy d ro x y - l i ; 2 0 -d ioxo -18 -l»eaay li- 
do n e-1 4 -iso -1 7 -'iso aJ .lo p reg n an a 194-5° — 26°
3 'p .* lip*2C ^14-i60-17^iso-18->)eM yli- 
dens a l  i  o p r e gn ane t r i  o 1 257-8° + 59°
3 £ s l ip  8 2C)f»1 r  ih jd r o  xy-14- i  ao - 17~ i  so - 
a llo p re g n an e -X S -a l 2 1 0 - 2 ° *106°(M©0H)
3p t XI P * 20)&>14-t #0-17-1 so-allopregnan©  
t r i o l 202-5° + 59*
3 (3 s l i p :  2c£-14~i30-17-iso allapr©gn& ne- 
t r i o l - 3 : 20- d i acetate 181-4“ ♦ 43°
3P-A eeto ;xy-ll s 20 -d iax© -1 3 -i© c-1 7 -iso - 
a lio p ra g n a n e  121- 2° -182°
3 i l l  *2Q «lriQ xo-13-isQ -17-isa& X la- 
pregnane 140° -165°
3 i2 0 -D io x o -1 3 - iso -1 7 - iso a llo p r€ g -
nana 147-3° -  6 1 °
3 P:1 7 ^ -0 iao©toxy-1 l-o x o -1 3 ~iao- 
androstane 123° -123°
3 * 1 1  *17- T r io x o - l3- i  so andro&tans 174-5° -160°
3 p -B ydroxy-ll-oxo-12-brom o-18- 
benzy l i  d ene- 1 3 (17) -  bo ©o ae t i e  o iio l-12-  
©ne-20-<m rboxylic  a c id 248-9° ♦241*
3P-Aoetoxy~ll :17ct-dioxo-17-bromo-D-
hoiao andro s ta n e 225-7° + 24°
3 p :1 7 -M a c e to x y -il:1 7 a -d io x o -D - 
homo a n d ro s t-16- en© 255-7“
3P-A eetoxy-llsl7& ~diax® -B - 
horno andro s t - 1 6 -ene 170-2° -  32°
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m.p. U ljj
5 p«*A e e t  a xy ~1 i —oxo-1  7 a-oxim iiio-I)- 
homo andros t-1 6 -e n e 230-2° -136°
3 p -A e © to x y -lls l7 -d icx o —16-brom©~ 
andro st&ue 183-53 ♦125°
3 P~Hy droxy-11 s SO-dioxo-lB-benssyX- 
id e n e -1 4 - i  so -1 7 - i s®aXIopregnans 195-4* 0±2°
3P-A cetG xy~ll :17a-diox0~17b~az;a~ 
D~bi shorao andro s tane 278-9° -7 6 .5
3 p-Hydroxy-1 1 : 17 a~dxoxG ~I7b-am - 
B~M Bhosnoandro s ta n e 259-62° -7 3 °
3 (5 -A ee to x y -1 7 -b ro m o -lltl7 a -d io x o - 
I 7b«-aaa~ £~bi shorn© andro s t&ne 185-5° —1 2 °
>3 pm Am toxy-XX iX7a^dioxo*‘X7’b-az«^ 
IM>i shorn© andro s t - 1 6-en e 2 6 2 * -94.5

A ll r o ta t io n s  a r e  in  chloroform  u n le s s  s ta te d  
o th e rw ise . A ll m e ltin g  p o in ts  a re  u n c o rre c te d .
U ltra —v i o l e t  a b so rp tio n  s p e c tra  were determ ined  in  
e th a n o l . I n f r a - r e d  s p e c tra  were k in d ly  determ ined  
by B r. C. E g lin to n  and h i s  colleague©  in  K ujol u n le s s  
s p e c if ie d  to  th e  c o n tra ry . l!he alum ina f o r  chromato­
graphy was Brockmann grade I I I .  L ig h t petro leum  r e f e r s  
to  th e  f r a c t i o n  b .p .  40- 60° u n le s s  s t a t e d  o th e rw ise .
11s20 B ioxoallopregnane S e r ie s  
30- A cetoxy-l l -oxo- 20-ox im inoa llop regnane  (XL)
3 P -A ce to x y -lls  2 0 -d ioxoallop regnane  (2 .0  g . ) and 
hydroxylaroine h y d ro ch lo rid e  (2 .0  g . ) were d is so lv e d  in  
p y r id in e  (25 c . c . ) ,  the  s o lu t io n  h ea ted  fo r  30 m inu tes 
on th e  steam b a th , th e n  l e f t  o v e rn ig h t a t  room te m p era tu re . 
Removal o f p y rid in e  in  vacuo fo llow ed by t r i t u r a t i o n  w ith  
m ethanol a ffo rd e d  th e  crude oxim e, m .p. 178- 180° (1 .90  g . )• 
C r y s ta l l i s a t i o n  from m ethanol y ie ld e d  c lu s t e r s  o f  c o lo u r le s s  
p r is m s , m. p . 188-189°, [a ]D + 35° (0 , 1 .3 8 ) (Pound*
C, 71.35? H, 9.20? S ,  3 .8 5 . r e q u ir e s
0 , 70.90? H, 9.05? S ,  3.60>5).
3 P^A o a to x y -l l - oxo.-2Q-me thane su lp h o n y lo x im in o a llo p reg n a n a
(XLI)
The fo re g o in g  oxime (320 mg.) was d is s o lv e d  in
p y r id in e  (1 .5  c . c . ) ,  cooled to  G°C, and added to  a 
s o lu t io n  o f  methane su lphonyl c h lo r id e  (320 mg.) in  
p y r id in e  (1 .5  c .c . )  a t  0 °, A fte r  48 hours a d d i t io n  
o f  cru sh ed  ic e  p r e c ip i t a t e d  the  crude oxime m e sy la te , 
m .p. 123-5° [<* + 23° (C, 1 .1 2 ) . A fte r  4 re  c r y s t a l l ­
i s a t i o n s  from m ethanol th e  m.p* was 124- 125° ( c o lo u r le s s  
n e e d le s )  [a jp  + 25° (0 , 0 .9 2 ) . On f i n a l  c r y s t a l l i s a t i o n  
f o r  a n a ly s is  n e e d le s  began to fox® b u t r a p id ly  changed 
to  c o lo u r le s s  p r ism s , m .p. 124-5° undepressed  on 
adm ix tu re  w ith  the  o th e r  c r y s ta l l in e  form (found*
G, 6 1 .4 0 ; H, 7 .8 0 ; I ,  2 .9 5 . C^H^OgRS re q u ir e s  
G# 61.65? H, 8*00; N, 3 .0 0 ^ ) .
S o lu tio n s  o r p r e c i p i t a t e s  of the pure m esy la te  
in  m ethanol slow ly  underw ent tra n s fo rm a tio n  to a  
h ig h e r  m e ltin g  p ro d u ct (m.p. 2 4 7 -8 °). i’h is  same 
p ro d u c t was a lso  formed # ien  th e  crude p r e c ip i ta t e d  
m e sy la te  was a llow ed  to  s ta n d  f o r  a few days in  
p re se n ce  o f aqueous p y r id in e . When th e  m e sy la tio n  was 
a ttem p ted  a t  room te m p e ra tu re , th e  oxime (102 mg.) 
a f fo rd e d  t h i s  same compound, m .p. 242-5%  r a is e d  to  247-8° 
by c r y s t a l l i s a t i o n  from benzene -  p e t ro l  (b .p .  60-80°) 
and undepressed  on adm ixture w ith  th e  rearrangem en t
p ro d u c t above [a ]^  -  3 3 °, (Gf 0 .9 9 ) .  F u r th e r  
r e c r y s t a l l i s a t i o n  from methanol a f fo rd e d  th e  am ide, 
m .p. 252° (n eed le s)  -  35° (C, 1 .06 ) (Founds
0 , 7 0 .4 0 | H, 9 .0 0 ; H, 3 .2 0 . @23^ 35^4^ r e q u ir e s
C, 7 0 .9 0 ; Hf 9 .0 5 ; B, 3 .6 0 ^ ) .
A ttem pted m esy la tio n  a t  -2 0 ° gave only unchanged 
oxime m .p . and mixed m .p, 188-9°.
fhe  m esy la te  e x h ib ite d  no s e le c t iv e  a b s o rp tio n  in  
th e  u l t r a  v i o l e t  between 220 and 270 mj*.
The A ctio n  of Potassium  t-B u to x id e  on th e  oxime M esylate
The above m esy la te  (280 mg.) d is s o lv e d  in  benzene
(1 0 . e . )  was added to  a s o lu t io n  of potassium  (400 mg. 5 
14 M) in  d ry  J -b u ta n o l  (15 c .c . )  under n i tro g e n . A fte r  
16 h o u rs  a t  room tem p era tu re  a sample was w ithdraw n, 
a c id i f i e d  (HOAC) f ev ap o ra ted , d i lu te d  w ith  w ate r and 
e x t ra c te d  in to  e th e r .  The OY spectrum  o f th e  r e s u l t a n t  
b u ff-c o lo u re d  amorphous s o l id  showed a maximum a t  
265 £  ca* 2000. T his maximum was s t i l l  p re s e n t
a f t e r  8 hour© r e f lu x ,  a f t e r  h i  oh tim e th e  s o lu t io n  was 
worked up in  th e  same way as the a l iq u o t .  The s o l id  
i s o la te d  had m .p. 200-205° ( s in te r in g  a t  200°) (130 ® g.)
265 € c a .  1 ,6 0 0 . A c e ty la tio n  (p y r id in e - a c e t ic  
anhydride) a ffo rd ed  a yellow ish-brow n amorphous s o l id  
m .p. 170-173° (97 rag .) . Chroma to graphy over s i l i c a  gave
( in  th e  benzene e lu a te )  a red  gum (25 mg.) to g e th e r  
w ith  a y e l lo w  s o l id  (55 mg.) e lu te d  w ith  e th e r ,  
m .p . 152—155 which h as  no t y e t  been o b ta in ed  c r y s t a l l i n e .  
5P-Ao.® to x y -11-o x o -2Q-ace toxim ino a llo p reg n an e
The oxime (100 mg.) d isso lv ed  in  a c e t i c  anhydride 
(1 c . c . )  and p y r id in e  (2 c .c . )  gave, a f t e r  two days a t  
room te m p e ra tu re , th e  aeeta t®  (90 mg.) m .p. 137-145°
(Ca Jjp + 4 0 ° , 0 ,1 .0 1 ) .  C r y s ta l l i s a t i o n  from aqueous 
m ethanol a f fo rd e d  th e  oxime a c e ta te  as t in y  n e e d le s  
m .p. 149-150° [a JD + 42° (C, 0 .96 ) (Founds C, 69 .65 ;
H, 8*65; N, 3 .3 0 . 5^ r e q u ir e s  C, 69 .55 ;
H, 8 .6 5 ; Hf 3 .25/0*
The a c e ta te  (64 mg.) in  ch loroform  2 c .c .  was 
t r e a te d  w ith  p erb en zo ic  ac id  (45 mg.; 2M) in  chloroform  
(5 c . c . ) .  A fte r  168 hours a t  €r$& t i t r a t i o n  re v e a le d  
t h a t  no p erb en zo ic  ac id  had been consumed.
A ttem pted P re p a ra tio n  o f th e  C^0- B r°m onitroso Compound ”
The oxime (92 mg.) was suspended in  w a te r  (2 c .c . )  
w ith  z in c  ox ide (16 m g.). B-bromoacetaraide (95$;
44*2 mg.) in  w ate r (1 c . c . )  was added (tem p ., 5°C .) 
w ith  s t i r r i n g .  A fte r  30 m inutes a t  5° and 1 hour a t  
10 -15° th e  f i l t e r e d  s o lu t io n  was t i t r a t e d  fo r  B r+ 
to g e th e r  w ith  a f i l t e r e d  s o lu t io n  from z in c  ox ide 
(16 m g .) , N-bromoacetamide (45 .7  mg.) and w ate r (3 c . c . ) .
The t i t r a t i o n  re v e a le d  th a t  no up take  o f  B r + had 
o c c u rre d . The oxime was recovered  from the  f i l t e r e d  
s o l id  by  s o lu t io n  in  m ethanol, in .p . and mixed m .p.
188-189° . '* ( Of. I f f l a n d  and Yen, J .  Amer. Qhem. Soc. .
1954, 1 6 , 4083).
5 @«»Ao©to3cy—11—oxc—ailopregnangi—2 Q-hem i t h i c k e t s
T his was p repared  hy B je r a s s i1© m etho#  em ploying 
z in c  c h lo r id e  in  d ioxan  s o lu t io n  and had m .p. 188-189° 
( l i t .  191-193°) [a3B + 32° (dioxan) l i t .  la }^  + 35° 
d io x an • The h e m ith io k e ta l could a ls o  he p rep ared  in
80—90$ y ie ld  by t r e a t i n g  a  s o lu t io n  of th e  11120-d ik e to n e  
(100 mg.) in  (B-mer cap to  e th an o l (2 c . c . )  w ith  j j - to lu e n e -  
s u l  phonic a c id  (70 m g.; 1 M o r  w ith  7 m g.; 0 .1  M).
( J .  Amer. Ohem. B oo., 1952, 7 4 , p634)•
R eac tio n  w ith  Per acid
(a) With p erb en zo ic  a c id . To a s o lu t io n  o f  th e  
hem ilfo ioketal .£77 mg.) in  chloroform  (2 c .c . )  was 
added ( a t  0 ° 0 .)  a s o lu t io n  of p e rb en zo ic  a c id  (72 mg.; 
295) in  ch loroform  (8 c . c . ) .  A fte r  3 hou rs t i t r a t i o n  
in d ic a te d  th a t  2M o f  p erb en zo ic  a c id  had been consumed. 
The ch loroform  s o lu t io n  was washed w ith  sodium carb o n a te  
th en  w ate r and the chloroform  evapora ted  to  y ie ld  
m a te r ia l  m .p. 125-127°. C r y s ta l l i s a t io n  from a c e to n e -
petro leum  e th e r  (b .p . 60-80°) gave p la te©  m .p. 132-133°
[a 3jj + 8 0°.
(b) With p e r a c e t ic  a c id . The h e m ith ic k e ta l (262 mg.) 
d is s o lv e d  in  g la c ia l  a c e t ic  a c id  (AH; 10 c . c . )  was 
t r e a te d  wit& a  s o lu t io n  of p e ra c e t ic  a c id  (114 mg. ?
2*3 M) in  a c e t i c  a c id  (3 c .c . )  a t  5° C. A fte r  2 hours 
th e  consum ption of p e r a c e t ic  acid  was 1 .85  M. ( io d ez ae tric  
t i t r a t i o n )  and rem ained a t  t h i s  v a lu e . A fte r  p o u rin g  
th e  s o lu t io n  in to  w a te r , th e  c ry s ta llin e  m a te r ia l  was 
c o l le c te d  (160 mg.) m .p. 127-129°• 5 C r y s ta l l i s a t io n s
r a is e d  th e  m .p. to  142-143° undepressed  on adm ixture w ith  
't h e  k e to n e  (1 4 2 -1 4 3 °), [a ]^  + 84° (0 , 1 .8 7 ) . The 
oxim e, p rep a red  in  the u su a l way had m .p. and mixed 
m .p. 188-189° a f t e r  one r e c r y s t a l l i s a t i o n  from m ethanol.
The p ro d u c t from t h i s  experim ent d id  n o t d ep re ss  
th e  m .p. o f  th e  compound o b ta in ed  from ( a ) .  ''‘’(Of.
B je r a s s i  and Gorman, J .  Amer. Chem. Soc. ,  1953, 7 5 . 3704). 
R eac tio n  w ith  M eth/l Io d id e
The h em io ih io k e ta l (97 mg.) was d is s o lv e d  in  
-m ethyl io d id e  (2 c . c . )  and a f t e r  7 days th e  s o lv e n t 
was removed and th e  r e s u l t a n t  re d d ish  gum e x tra c te d  w ith  
b o i l in g  petro leum  e th e r  (b .p . 60-80°) to  fu rn is h  prism s 
m .p. 130-132° (60 m g .). R e c r y s ta l l i s a t io n  r a is e d  the
m .p. to  1 3 4 -5 ° , r a is e d  to 140-142° on adm ixture w ith
k e to n e  (m .p. 1 4 2 -1 4 3 °).
A ctio n  o f  O xalic  Acid
A s o lu t io n  o f  equal w eigh ts o f  th e  h e m ith io k e ta l 
and o x a l ic  a c id  in  a c e t i c  a c id ,  a f t e r  24 ho u rs  a t  room 
tem p e ra tu re  a ffo rd e d  only unchanged h e m ith ic k e ts !
(m .p ., mixed m .p. and ro ta t io n )  on a d d i t io n  o f w ate r. 
C ondensation  o f  513 -  A c e t  o xy - 11 * 2Q-dioxo a l io  pregnane w ith  
e th y l  cy ano a c e ta te  (O f. Cope e t  a l . .  J .  Amer. Chem. Soc. .  
1941, 63 , 3452, a lso  O ragce, J . Org. Ghem. . 1950, 1£ , 381).
A m ix tu re  o f  the dike tone (0 .94  g . ) e th y le y  ano a c e ta te  
(280 mg. 5 1 M) ammonium a c e ta te  (40 mg.) a c e t ic  a c id
(12 m g.) and benzene (4 e .c . ) was h ea ted  in  a Dean and 
S ta rk  w ate r s e p a ra t in g  ap p a ra tu s  a t  130-160° fo r  6 h o u rs . 
W ater w ashing and removal o f benzene l e f t  an o i l  which 
was f i l t e r e d  in  benzene (700 c . c . )  through n e u t r a l  
a c t iv a te d  alum ina (30 g . ) to y ie ld  0 .69 g. o f  a v isco u s  
o i l  ( l i g h t  a b so rp tio n  max 245-6 mji, 249 uyi; £  , 3 ,7 0 0 , 
4 #Q0Q re sp e c t.) , Chromatography u s in g  a  column o f 
n e u t r a l  a c t iv a te d  alum ina (21 g . ) p rep ared  in  p e t ro l  
gave a f r a c t io n  e lu te d  w ith  benzen e - p e t ro l  (111) m .p. 220° 
(n e e d le s )  from m ethanol ~ 100° (O, 1 .0 0 ) .  L ig h t
a b s o rp tio n  Am&x. 248 sy* £  10 ,800 . I .E .  a c e ta te  1728,
1235 cm-"1 ; > 0  « Os 1712 cm*"1 ; -OHs 2200 cm""1 .
(Sound! C, 71 .45 ; H, 8 .4 0 ; B, 3 .4 5 . C^B^O ^N  
r e q u i r e s  C, 71 .60 ; H, 8 .3 5 ; If, 3 .00 '/.). This pure 
e y a n o e s te r  f r a c t io n  (120 mg.) was accompanied by 
f r a c t i o n s  e lu te d  w ith  benzene which c o n s is te d  o f a 
m ix tu re  xa.p. 90-105° (30 mg.) and some o i ly  f r a c t io n s  
(150 mg.) both o f  which showed s e le c t iv e  a b s o rp tio n  a t  
Xm&x. 24S mji c a . 40C0. L a te r  benzene f r a c t io n s  
d e p o s ite d  th e  s t a r t i n g  ketone  in  sm all amount (c a . 20 mg. 
m.p* and mixed m .p. 138-139°. Ho s e le c t iv e  U.V. 
a b s o rp tio n .
O zonolysi a
The pur© ey an e s te r  condensation  p ro d u c t (m .p.
220°; 70 mg.) was ozonized in  chloroform  (5 c . c . )  a t
0 ° .  A f te r  1 hour the  U.V. ab so rp tio n  was m easured -  
th e  peak a t  243 mji had d isap p ea red . Water (1 c . c . )  was 
added and the m ix tu re  g en tly  re f lu x e d  f o r  10 m in u tes . 
Removal of s o lv e n ts  a ffo rd e d  a c o lo u r le s s  gum (60 m g .). 
T h is  was in tro d u ce d  ( in  benzene - p e t r o l / l * l )  on to  a 
column o f  n e u tra l  a c t iv a te d  alum ina (1*8 g . ) p rep ared  in  
p e t r o l .  E lu tio n  w ith p e tro l  gave Er. 1 - o i l  (15 m g.); 
w ith  benzene-pe t r o l  (1 * 1 ), E r, I I  (15 mg.) which 
c r y s t a l l i s e d  on t r i t u r a t i o n  w ith  p e t ro l  (60-80°) to g ive 
fin©  n e e d le s ,  m .p. 110-115°. 3 R e c r y s ta l i i s a i io n s
from a c e to n e -p e tro 1 (60-80°) r a is e d  th e  m .p. to  133-4°. 
Mixed m .p. w ith d ik e to n e  (m .p. 142-43°) was 139-140°.
The y ie ld  o f  pure c y a n e s te r , m .p. 220° could no t 
be im proved e i th e r  by c a rry in g  out the r e a c t io n  fo r  
2 h o u rs  a t  130-140°, or fo r  8 hours a t  140-160°, o r  
by g ra d u a l a d d i t io n  of th e  ammonium a c e ta te  c a t a l y s t .
The s t a r t i n g  ketone was reco v ered  when th e  r e a c t io n  was 
c a r r ie d  o u t in  p resen ce  o f base  (8M KOBu  ^ -  7 hour© r e f l u x ) . 
A ttem pted P re p a ra tio n  of the C lycedic E s te r
C ondensation  of 3 8 -a e e to x y - lls  2 0 -a io x o a lio p reg n an e  
w ith  brom oeyanoacetic e s te r .
R rom ocyanaeetic e s te r  was p rep ared  by th e  method o f  
B n ira  and P ero iubesco  ( F. Saches, B er. ,  1900, 52* 2976), 
b .p .  1 1 5 -6 ° / 18 nun n 221.4719 ( l i i : .  b .p . 155°/40  nun.).
The d ik e to n e  (0 .9 4  g . ) and bromc e s t e r  (0 .55  g . ) 
d is s o lv e d  in  benzene (5 c .c . )  and t^ fru tano l (5 c . c . )  
were added d u rin g  30 minute© to potassium  (0 .4  g . ) in  
t - b u ta n o l  (15 c . c . )  a t  10-15° w ith  s t i r r i n g  under n itro g e n . 
A f te r  2 h o u rs  the  p ro d u c t was i s o la te d  a f t e r  a c id i f i c a t io n  
'(BOA®) e v a p o ra tio n  and benzene e x t r a c t io n  a© a re d d ish  
g la s s  (0 .637  g . ) to g e th e r  w ith a b lack  t a r  (0 .25  g . ) 
in s o lu b le  in  benzene. Chromatography over n e u t r a l  
alum ina (18 g. ) gave f r s .  8—11 (67 mg.) a c r y s t a l l i n e
s o l i d ,  m .p. 187—9 (n eed les)  from benzene—p e t r o l  
[a ]^  + 98°. 2 F u rth e r  r e c r y s t a l l i s a t i o n s  gave the
a n a ly t i c a l  sam ple, m .p. 187-9° U 3D + 100° (Founds
0 , 7 6 .0 0 ; H, 9*50. ^21^32^3 require©  G, 75 .85 ;
H, 9 .7 0 $ .
I .R . showed -OH, >00, no-OAc, Ho s e le c t iv e  U.Y. 
4b.orp-tion.OOHe; 1552 ; -OH-3450 ; >0 * G;1710 cm- 1 .
Sodium B orohydride R eduction o f 36-A cetoxy-lls 2 0 -d io x o -  
a llo p re g n a n e  (O f. O livo to  and H ershberg , l .A .Q .S . , 1953, 
1 2 . 4 8 8 ).
As At Hoorn Tem perature ~ A s o lu t io n  o f  sodium borohydrid  
(1 .0  g .)  in  w ater (2 .5  c . o . ) was added to  th e  d ike  tone 
(0*50 g . ) in  m ethanol (7 .5  c . c . )  a t  room tem p era tu re .
A f te r  seven m inu tes c r y s t a l l i s a t i o n  was induced by 
s c ra tc h in g  and the  p r e c ip i t a t e  c o l le c te d  a f t e r  a f u r th e r  
th re e  m in u tes . The ca rb in o l (264 mg.) had m .p. 186-7° 
and was r e c x y s ta l l i s e d  from aqueous m ethanol to  fu rn is h  
c o lo u r le s s  n ee d le s  of 3 £ ~ aee to x y -ll-o x o -a llo p re g n a n e -  
20-01 , ra.p . 192° [ci]B + 13° (0 , 1 .8 5 ) Stoimd! C, 7 3 .70 ;
H, 9 .4 0 . C23H36°4 r0(lu ir8B  °» 7 3 .3 5 ; a t 9 .6 5 / .
—1I n f r a - r e d  spectrum? Hydroxyl 3620 cm ; a c e ta te  1720 cm
k eto n e  1705 cm"’1 .
The f i l t r a t e  from th e  above p re p a ra t io n  on d i lu t io n
w ith  w a te r  a ffo rd ed  an o i l  (200 mg.) which e v e n tu a lly
c r y s t a l l i s e d  to  g ive  n e e d le s  w ith  a wide m e ltin g  range 
(85-95°) which could n o t be improved by rep e a te d  
r e c r y s t a l l i s a t i o n .
When th e  d ik e to n e  (400 mg.) was t r e a te d  w ith  
sodium bohehydride  (800 mg.) in  th e  same way ae 
b e fo re  b u t w ith o u t i s o l a t i o n  a f t e r  10 m in u tes , no 
p r e c i p i t a t e  appeared  and on i s o l a t i o n  a f t e r  10 hou rs 
a t  room tem p era tu re  ( a d d it io n  o f w a te r and e x t r a c t io n  
in to  chloroform ) a  f i r s t  crop of n e e d le s  (260 mg.) was 
o b ta in e d  from aqueous m ethanol m .p. 185-187°, d ep ressed  
to  160-165° by th e  20-curb .inol above. Repeated 
c r y s ta l l i s e . t i o n  from aqueous m ethanol a ffo rd e d  t in y  
n e e d le s ,  m .p . 198-200° C&l-p + 17° (0 , 1 .9 1 ) id e n t ic a l  
w ith  th e  compound (v id e  in f r a )  o b ta in ed  by u s in g  more 
v ig o ro u s  c o n d it io n s . The second crop (100 mg.) gave 
m a te r ia l  m .p, 175-185° d ep ressed  to  160-4° on 
adm ixture w ith  the 2 0 -0 a rb in o l (m .p. 1 9 2 °).
Bt At r e f lu x  tem p era tu re
When th e  d ik e to n e  (100 mg.) in  m ethanol (1 .5  c . c . )  
wsa h ea ted  o v e rn i^ i t  on the  steam b a th  w ith  sodium 
b o rohydride  (200 mg.) in  w a te r  (0 .5  c . c . )  i s o l a t i o n  
by a d d itio n  o f w ate r and chloroform  e x t r a c t io n  gave 
n e e d le s , m .p. 185-7° (92 mg.) undepressed  on adm ixture
w ith  th e  p roduc t o b ta in ed  a f t e r  16 h ou rs  a t  room 
te m p e ra tu re ,  b u t depressed  to  160- 165° when mixed w ith  
th e  20—c a fb in o l .  Pour recry  s t & l l i s a t i o n s  from aqueous
meth&nol fu rn is h e d  3 p:n p • 201-fr ih y d ro x y a llo p reg aam e
a s  t i n y  n e e d le s ,  m.p. 198- 200° ,  la ]^  + 17° (0 , 1 .0 9 ) ,  
i d e n t i c a l  with th e  specimen prepared  l a t e r  (see  below).
3 B-Ace to xy~i l ~ oxo a l lo p r  egnane-  20- me thane sulphona te  
3p-Ace to x y -I l -o x o a I l% p r  e g n a h e -^ .-o l  (86 mg.) 
d is s o lv e d  in  p y r id in e  (2 c . c . )  was cooled to  0° and 
added to  © s o lu t io n  o f  r e d i s t i l l e d  methane su lphonyl 
eh lor’id© (§0 mg.) i n  p y r id in e  (temp. 0-5°)*  A f te r  16 
h o u rs  a t  room te m p e ra tu re ,  a d d i t io n  o f  crushed ic e  
p r e c i p i t a t e d  the  m esylate  as  g l i s t e n i n g  p l a t e l e t s ,  
m*p. 170° (90 m g .) .  H e c r y s t a l l i s a t i o n  from methanol 
fu rn is h e d  the a n a ly t i c a l  sam ple, is.p . 170° W -q * 2^
(Qf 1 .G6 ) a s  g l i s t e n i n g  prisms* Founds 0 , 64*05;
H, 8 .5 5 .  G24H38°6S r e 9u i r e s  °2*40; H, 8 .45$ .
3 B-H.v d r  0xy-11 - o x o a l lo p re ^nane-20-en e  (XLII)
The fo re g o in g  m esy la te  (120 mg.) d is s o lv e d  in  
benzene (1 .0  c . c . )  was h ea ted  under r e f l u x  w ith  potassium  
(400 mg.) i n  t - b u ta n o l  (IS c . c . )  fo r  6 hours  (under 
n i t r o g e n ) • A c id i f i c a t i  on with a c e t i c  a c id ,  ev ap o ra tio n  
and a d d i t io n  of w ater  gave a p roduct m.p. 125-30° (105 mg.
R epeated c r y s t a l l i s a t i o n  from aqueous methanol feave 
a main crop (a) m.p. 142-4* (45 mg.) [a ]^  + 11° ( c ,  1 .98 ) 
and fux t h e r  crops m.p. 135-9°. R e c r y s t a l l i s a t i o n  o f
(a)  ^ v o  n e e d le s  m.p* 147° (aqueous m ethanol) [ a + 13° 
(G, 1 .1 5 ) •  I..R. spectrum* Hydroxyl 3620, 1035 cm"1 ;
Carbonyls 1708 on"1 ; <M5e* 1385 cm"*1 ? -CH«GH2 :
3050, 164C, 992, 910 Jem"1 . Founds C, 7 7 .9 0 ; H, 9 ,8 0 . 
°21K32°2* t  !I2° re<luireB °> 77.50; H, 10.20.
5(^»AcetQXY~i7ft~h.Ydroxy~i l  % 2ft-d ioxoa liop regnane
The 3£-hydroxy compound {10 g . ) was d is so lv e d  in  
d ry  p y r id in e  (200 c . c . )  and t r e a t e d  w ith  a c e t i c  anhydride  
(1 1 .3  g*)* A f te r  13 hours  a t  room tem pera tu re  w ater 
(600 c . c . ) was added and th e  c r y s t a l l i n e  precip itate  
washed w ith  w a te r  and d r ie d .  Yield 96.3$ (1 0 .9 i  g . ) 
n e e d le s  (bensene-petro leu®  e th e r ,  or aq . m th a n o l)  m.p. 
17 5 -4 ° ,  U ) D + 15° (o , 2 .2 0 ) .
3B-Acetoxy-il 117-dioxoandrostsme (Xi 1V )
3P-Acetoxy-17&-hydit> xy-11 s 20 -d ioxoallop regnane  
(10.91 g . } i n  a c e t i c  a c id  (AM; 250 c . c . )  was t r e a t e d  
w ith  chromium t r i o x id e  (Aiij 12.26 g . )  i n  w ater  (9 c . c . ) -  
a c e t i c  a c id  (360 c . c . ) .  A fte r  20 hours  a t  22° excess  
chromic a c id  was d es tro y ed  by a d d i t io n  o f  m ethano l, 
s o lv e n ts  removed on the steam b a th  i n  vaouo and the  
r e s id u e  tx 'eated  w ith  d i l u t e  h y d ro c h lo r ic  a c id .
E x tr a c t io n  in to  e th e r  end i s o l a t i o n  in  the  u sua l way 
a f fo rd e d  a c o lo u r le s s  o i l#  F i l t r a t i o n  through alumina 
(200 g . ) i n  benzene gave, a f t e r  removal o f  benzene, the  
c r y s t a l l i n e  d ione (5*52 g . ; 5 9 .7 $ ) . R e c r y s t a l l i s a t i o n
from p e t ro le u m -e th e r  ( b .p .  60-80°) gave 3 P-ace to  xy-11 s 17-  
d io x o an d ro s tan e  a s  n ee d le s  or prisms m.p. 162-3° [a ]p  + 95° 
( c ,  1 .1 6 ;  d ioxan) [von Euw and R e ic h s te in ,  l ie lv . 0him.
A cta , 1942, 5 ^ . 998, g ive  m .p. 162-3u + 96.2° (d ioxan)] ,
The IR. spectrum  showed th e  expected carbonyl bands a t
«*l —11740 cm"" ( a c e ta t e  and 1 7 -k e to n e ) ,  1714 cm (ll-keton@ )
—1and 1240cm ' ( a c e t a t e ) .  .Elution, w ith  b en zene-m ethanol 
( 2 i l )  gave o i l y  f r a c t i o n s  (ca .  1 .0  g .)  which were n o t 
f u r t h e r  in v e s t i g a t e d .
5P-AoetQXF-l l -oxQ-1 7 -oximinoandrQStane (XLV)
3P -A ce toxy*-lls l? -d ioxoandrostane  (200 mg.) was 
t r e a t e d  w ith  hydxx>xylsmine h y d ro ch lo r id e  (200 mg.) in  
p y r ia in e  (5 c . c . ) .  A f te r  72 hours  a t  room tem pera tu re  
a d d i t io n  o f  w ater  gave the c r y s t a l l i n e  oxime (195 mg.) 
auj>* 205-210°. He cry s taL I  i s  a t i  on from aqueous methanol 
a f fo rd e d  n e e d le s  m.p. 216-213°, tul-g * 15° (a ,  1 .1 9 ) .  
Bedcmann Rearrangement
To th e  fo reg o in g  oxime (400 mg.) d is so lv e d  in  
p y r id in e  (5 c . c . )  was added a s o lu t io n  of 33-a c e ty la m ia o -
benzenesulpUonyl c h lo r id e  (40C mg.) i n  p y r id in e  (2 .5  o . e . ) .  
( o f .  Jtaufaann, J .A .O .3 . .  1951, 73, 1779). A f te rm*—** * mtmtmmmm .<«. mi»:a * 9 -f-un * r
3 h o u rs  a t  room te m p era tu re ,  the  s o lu t io n  was poured 
021 to  i c e ,  n e u t r a l i s e d  w ith  d i l u t e  h y d ro c h lo r ic  ac id  
and i s o l a t i o n  e f f e c te d  by chloroform e x t r a c t i o n .  In  
t h i s  way th e  c r y s t a l l i n e  lactam (400 mg.) was o b ta in e d ,  
m .p . 305-7° (m ib l .)  as n e e d le s  from m ethanol, undepressed  
on adm ixture  w ith  the  secondary p roduct o f  the  Schmidt 
r e a c t i o n  (v id e  i n f r a ) .
T reatm ent o f  th e  lactam  (XL-YI) w ith  the fo l lo w in g  
r e a g e n ts  showed ( in  a l l  cases)  no development o f  
s e l e c t i v e  a b s o rp t io n  in  th e  u l t r a - v i o l e t  re g io n  215-290 mji 
and , i n  a p p ro p r ia te  ca ses  (*) reco v e ry  o f  s t a r t i n g  m a te r ia l  
was q u a n t i t a t i v e .
Reagent -Tempt# ° Q lim e ( h r s . ) Recovery
H2S04 -  CHCl^ 0° 0 .5
tt 20 16 G-um
JfaOEt (20M) ( I g) 20 16 (I)e) a c e ty l  a ted  
m ix tu re
KOEt (1M) (»2) 20 16 M ixture 
m .p. 270-80
A ction  o f  Acid on th e  Lactam
When th e  lactam  (1 .0  g . )  was t r e a t e d  w ith  a  s o lu t io n  
o f  co n c en tra ted  h y d ro c h lo r ic  ac id  (2 .0  c . c . )  i n  g l a c i a l
£.16
a c e t i c  ac id  (18 .0  c . c . )  fo r  48 hours a t  90-100° 
th e r e  was o b ta in e d  an acid f r a c t i o n  (0 .50  g . ) a s  an 
o range co loured  gum. S o lu t io n  in  b en z en e -e th e r  
(15 c .c * ;  1 j1 ) and chromatogr&phy over  s i l i c a  (15 .0  g . )
gave 7 f r a c t i o n s  e lu te d  with b en zen e -e th e r  (1*1) of 
which th e  l a s t  4 (145 mg. j o i l )  had l i g h t  a b so rp tio n  
A  max. 235 £  8 ,000 . A ll a t tem p ts  a t  c r y s t a l l i s a t i o n
f a i l e d  however.
Schmidt Reaction. 3 fS-Aoe to y/ - 11 -  o xo- 13 (17) -  seco andro a t-
12-ene-17- n i tr 11e (XLVII)
To a s o lu t io n  o f  3P-acetoxy-lls17-dioxoandrostane 
(344 mg. | 1 m ill im o le )  In  dHoroform (7*Q c . c . )  w&s
added c o n c e n tra te d  s u lp h u r ic  ac id  ( I . E . ;  2 .0  c . c . ) .
The m ix tu re  was cooled to 0° w ith  s t i r r i n g  and then  
sodium azide (97 mg. j 1 .5  m il l im o le s )  was added 
portionwise. S t i r r i n g  was continued for 30 m inu tes  
whereupon the r e a c t io n  m ix tu re  was poured on to i c e ,  
e x t r a c te d  w ith  b e n z en e -e th er and worked up i n  the  u su a l  
way to  y i e ld  a c o lo u r le s s  o i l  (300 m g .) .  Chromatography 
- over alumina ( 6 .0  g. ) gave a f r a c t i o n  e lu te d  w ith  
benzene which c r y s t a l l i s e d  as t in y  n e e d le s  (105 mg.) 
from l i g h t  pe tro leum , m.p. 155-7° UIp -  55° ( c ,  1 .0 7 ) .
In a second experim ent th e  13(17)- secp-17 - n i t r i le was 
o b ta in e d  as  s to u t  n e e d le s  m.p. 138 • An in t im a te  
m ix tu re  o f  th e  two sam ples had m.p. 136-7°. (Pounds
J3.17
0 , 73• 25; H, 8*10; ft,} 3 .S3 . Co.,Ho^0v r e q u i r e s6~ -J* £m ^
G, 73 .45 ; K, 8• 50; II, 4*10,*). l i g h t  a b s o rp t io n i 
A X  max 234, 311-315 mp ( p la te a u ) ;  £  7 ,2000 , 27 re s p .  
The rem ain ing  f r a c t i o n s  e lu te d  w ith benzene showed 
\Am ax. 234 ra/i, £  5000-7000 hut had i n f e r i o r  m«p«*e 
which could n o t  he improved by c r y s t a l l i s a t i o n .  From 
a  f r a c t i o n  e lu te d  with borisene-methsnol (4 s i)  th e re  
c r y s t a l l i s e d  the  lactez i m.p. 305-7° ( s u b l . )  (20 mg.) 
from aqueous methanol undepressed  on adm ixture w ith  th e  
Beckmann rearrangem en t p ro d u c t.
5 fi-A co toxy-11—qxo—15(17)—secoaixdrostax o 1 ac tone  (XLVIII) 
(cf*  Jacobsen  & l e v y ,  1. B io l .  Chen. ,  1947, 121, 71, 81), 
3 P-Acetoxy-11 ;1 7 -d io x o an d ro s t an e (2 .0  g . } in  a c e t i c  
acid (A.H.j 10 c . c . )  was s to re d  a t  7-10° f o r  120 hours  
in  a s o lu t io n  o f  p e r a c e t i c  a,cid (4 .0  g .)  in  g l a c i a l  
a c e t i c  a c id  (20 c . c . )  co n ta in in g  j> -to luenesu lphonic  
a c id  (20 mg*). At th e  end of t h i s  time the  m.p. o f  
th e  c r y s t a l l i n e  m a te r ia l  o b ta in ed  by d is c h a rg in g  1 .0  c .c ,  
a l i q u o t  samples in to  w ater  (5*0 c . c . )  had r i s e n  from 
153-7° (16 h r s . )  through 180-5° (60 h r s . )  to  a co n s ta n t  
value (205-7°) end th e  p r e c i p i t a t e  w ith  ethanolic  
2}4 - d in i  irep h en y lh y d raz in e  su lp h a te  had become very  
s l i g h t .  C arefu l a d d i t io n  of w ate r  to th e  a c e t i c  acid  
so lu tion  caused Hie 3,actone to c r y s t a l l i s e  in  f i n e
;.18
n e e d le s  m.p. 205.7-9® (1 .10 g. ) [ a j^  -  20° ( c ,  1 .5 1 ) .  
R e c ry s ta . l l i s e d  fro.ro. aqueous m ethanol, the compound formed 
n e e d le s  m.p. 215-6° (1 .07 g*) (soda g la s s  c & p il l ) .
For a n a l y s i s ,  two f u r th e r  c r y s t a l l i s a t i o n s  from aqueous 
m ethanol a f fo rd e d  s to u t  n ee d le s  m.p. 218-9° (pyrex  c a p i l l ) .  
t a j ^  -  22° (C, 1 .8 1 ) .  (Found: C, 69 .60; H, $ .3 0 ;
r e q u i r e s  G, 69.60; H, 8*35$)* On d i l u t i o n  o f  
th e  f i l t r a t e  a f u r t h e r  crop (0 .42  g*) m.p. 195-8° [a], -  15°~ uJ
was o b ta in e d .
5P~Hydro x.y—1 1 -oxo-l  3(17) -  se eoandro a t - I 2 - ene-lT -  carboxy l i  c 
a c id  (It)
To a s o lu t io n  of th e  fo reg o in g  la c to n e  (1 .068 g . )
In  e th an o l (49 c . e . ) was added a s o lu t io n  of potassium
hydrox ide  (0 .8  g . ) in  e th an o l (200 c . c . )  ( f i n a l  has©
s t r e n g th ,  0 .05  M). Ihe r in g -o p e n in g  r e a c t io n  was
fo llow ed  by o b se rv a t io n  of the development o f  a maximum
r  239i n  th e  u l t r a - v i o l e t  a t  239 mjuu When t  max. 
become c o n s ta n t  (10,300; 45 m inutes) the  s o lu t io n  was
n e u t r a l i s e d  w ith  a c e t i c  a c id ,  s o lv e n ts  removed in  vacuo 
and the a c id  f r a c t i o n  i s o l a t e d  in  the u su a l way as a 
c o lo u r le s s  o i l  (1 .00 g . ) .  C r y s t a l l i s a t i o n  from e th e r  
a f fo rd e d  the pur© hydroxy ac id  as b e a u t i f u l  t in y  n ee d le s  
m.p* 155° taJjj -  4 .0 °  (0 , 1 .76 ; 2 .01) (Found: C, 71.05;
H, 8.75* C19H28°4 reclu i r e ® °* 71 .20; H, 8 .8 0 $ ) .
E«1 c
L ig h t  ah s o r p t io n : X mac, 239 mp; £  13,600.
5 S-bengyldene-1 3(17) -  a eooandro s  t~I2~ene~
MM (I 'D  (of* r a U M h ,  to n a le n ,  1839, 305,
261)
The above ac id  (260 m g.) was? d is s o lv e d  in  e th a n o l ie  
hydrogen c h lo r id e  (25 c . c . ;  40$ w/w) c o n ta in in g  beng-
a ldehyde  (250 mg.)* A f te r  16 hours a t  20° th e  so lu t io n  
had th e  fo l lo w in g  (c o n s ta n t)  l i g h t  a b so rp tio n s  A max 
230 mp.; €  1 0 , 6005 X max* 320 mp; £  29 , 250. Water 
was added to  the (cooled) s o lu t io n  and the r e s u l t a n t  
e th y l  e s t e r  I so la ted  i n  the u s u a l  way o f t e r  removal of 
"bensal&ahyde w ith  s a tu ra te d  sodium b i s u l p h i t e  s o lu t io n .  
Chromatography over alumina gave the  e s t e r  as  an o i l  
(190 m g .) .  H y dro ly s is  w ith  potassium  hydroxide (1 .0  g . ) 
i n  e th an o l  (50 c . c . )  c o n ta in in g  w ater (1 .0  c . c . )  a t  room 
tem p era tu re  f o r  16 hours a f fo rd e d  an ac id  f r a c t i o n ,  
i s o l a t e d  in  the  u su a l  way, as a yellow  s o l id  m.p.
210-5° (130 mg.) [a + 278° ( c ,  1 .25)* ( p y r id in e ) .
Re c r y s t a l l i s e d  from a sm all volume o f  m ethanol, th e  
- a c id  formed p a le  ye llow  n ee d le s  m.p. 237-8° + 320°
( c ,  1*25) ( p y r id in e ) .  (Found: C, 76.40$ H, 8 .3 0 .
0 r e qui r e s  C, 76.45? H, 7 .9 $ ) .  L ig h t  ab so rp t io n :  
X m a x . 240 rap; €  10,600$ Xmax. 325 mp; £  34,200.
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the  n e u t r a l  f r a g t  Ion (40 mg*) was rekydro.lysed 
to  give a f u r t h e r  q u a n t i ty  of ac id  (25 mg.) m.p. 205-9°. 
F i l t r a t i o n  through s i l i c a  in  bene®]e-aceton® (9*1) ©fforded 
n e e d le s  m .p. 255—7° undepressed  w ith the  f i r s t  
h y d ro ly sa te *
3 fe-Hydroxy-ll«~oxo ~18~be ngyl id ens- 1 3(17)~ seo oae tioeho l~  
I2 ~ene~2Q~oarbQxylic ac id  (LII)
To a suspension  o f  th e  fo rego ing  a c id  (1 .64  g*) in  
d ry  benzene (7*0 o . c . )  was added a s o lu t io n  o f  o x a ly l  
c h lo r id e  (3*0 g . ) in  benzene (3.C c . c . ) .  A f te r  16 
h o u rs  a t  room tem pera tu re  s o lu t io n  was complete and no 
f u r t h e r  e v o lu t io n  of gas was ap p a re n t .  S o lv en ts  were 
removed a t  50° in  vacuo , the orange coloured  o i l  
d is s o lv e d  in  benzene (7 .0  c . c . )  and the  s o lu t io n  added 
dropwioe through a c o t to n  vrool f i l t e r  to a co ld  (5°) 
s o lu t io n  o f  diazomethane (ca . 2 .0  g . ) in  e th e r  (200 c . c . ) .  
A f te r  30 m inu tes  a t  5° and 15 m inutes a t  20° (no change 
i n  l i g h t  a b s o rp t io n  a t  325 the  e th e r  and excess  
diazomc thane were removed in  vacuo (b a th  temp* ' j f  40°) 
to  a f f o rd  the  d iazoketone  as  a p a le  yellow  o i l  which 
s o l i d i f i e d  under petro leum  e th e r  to  g ive  an amorphous 
(1*50 g . )  mass m.p. 95-100° ( d e e . ) ,  used w ithou t 
f u r t h e r  p u r i f i c a t i o n  fo r  the  ' f o l f f  rearrangem en t.
S. 21
To a s o lu t io n  of t h i s  d iasoketone  i n  m e t ta io l  
(50 c . c . ) ,  m a in ta ined  a t  46-46° was added, w ith  
s t i r r i n g ,  the  s i l v e r  b e n z o a te - t r ie th y la m in e  c a t a l y s t  
(Hewman, and B e a l ,  J .A .C .S *. 1950, £2* 5163) i n  p o r t io n s  
(0*5 o .o . )  u n t i l  n i t r o g e n  ev o lu t io n  was complete 
(5 a d d i t io n s ;  15 m in s .) • The m ix tu re  was re f lu x e d  
f o r  5 m in u te s ,  f i l t e r e d ,  ev ap o ra ted , e x t r a c te d  in to  
b en zen e , washed w ith  sodium b ic a rb o n a te  s o lu t i o n ,  
w a te r  and evaporated* The r e s u l t a n t  dark  o i l  was 
chrom atographed over s i l i c a  to g ive  a f r a c t i o n  e lu te d  
w ith  b e n z e n e -e th e r  (1*1) (200 mg*) which on h y d ro ly s is  
w ith  e th s n o l ie  potassium  hydroxide (50 e . c . j  2 #) a t  
20° f o r  16 h o u rs  and chromatography o f  th e  a c id ic  
f r a c t i o n  over  s i l i c a ,  gave a f r a c t i o n  e lu te d  w ith  
benzene-aceton©  (9*1), which c r y s t a l l i s e d  from m ethanol 
i n  ye llow  prism s (175 mg*) m .p. 233-4° * 301°
( e ,  0 .82) ( p y r id in e ) .  On adm ixture w ith  th e  n o r - a c id  
(m .p. 237-3°) the  m.p. was 210-5°* l i g h t  ab so rp tio n s  
A max. 238 s^ *5 £  14 ,000; A  max. 325 €. 35,200.
A second crop m.p* 231-3° (40 mg.) was o b ta in ed  from 
th e  c r y s t a l l i s a t i o n .  F u r th e r  e l u t i o n  w ith  benzene- 
ace tone  (9*1) a f fo rd e d  f r a c t i o n s  w ith  i n f e r i o r  m.p.
(500 m g.).
E* 22
The n e u t r a l  f r a c t i o n ,  i s o l a t e d  by e t h e r
e x t r a c t i o n  a s  a yellow  o i l ,  weighed 190 mg,* L ig h t
a b s o rp t io n s  \m&x . 325 mjx £  26,000,
In  a second experim ent 0 ,60  g, o f  pu re  homologous 
a c id  was o b ta in e d  from 1 ,82  g , o f  no r-ac id*
3 A ce tojar^ll* -oxo andro s ta n e - I 7 -  oy anhydrin . ** (h 111),
To th e  fo re g o in g  dione (5*5 g , } in  a b s o lu te  e th an o l 
(137*5 c*o ,)  was added potassium  cyanide (AEj 33 g . ) 
and th e  m ix tu re  k e p t  a t  0 -  5° w h i l s t  a c e t i c  a c id  
(AS$ 35*75 c* c ,)  was added w ith  e f f i c i e n t  s t i r r i n g  
(ea* 1 h o u r ) .  The r e s u l t a n t  p a s te  was s t i r r e d  f o r  a  
f u r t h e r  1-J- h ou rs  a t  room tem pera tu re  and then  poured 
in to  w ate r  (1 1 * ) .  A f te r  30 m ias. the c r y s t a l l i n e
mass was f i l t e r e d ,  washed w ell with w a te r ,  and d r ie d
f o r  24 hour© over i n  vacuo to  y ie ld  5*80 g. o f
crude cy anhydr i n  (m ixture of two epimers) used  
d i r e c t l y  f o r  th e  n e x t  s tep  (m.p. 103- 6° [ a ]D -  6° , 
c ,  t * 30 ) . The cu re  low -m elting  isomer could be 
r e a d i l y  o b ta in ed  by c r y s t a l l i s a t i o n  from e th y l  a c e t a t e -  
p c t r o l  (b*p, 60-80°)• I t  formed prism© su p ,  105—7°
(w ith  e v o lu t io n  of HCM) r e s o l i d i f y i n g  a t  115-120° and 
re m e l t in g  a t  159-61° (undepressed  w ith  s t a r t i n g  
ke to n e)  CaJjj -  12° ( c ,  2 ,0 )  (Founds Mf 3*75*
# Of, Goldberg, e t  a l , , Helv, Chim* A c ta , 1941, 2±, 478, 
295E, 1940, 2 J ,  376, 840 and l a t e r  .'papers.
^22*%1^4^ r e $u*r e s  3*75$)• The h ig h -m e l t in g  epimer 
o f  th e  cyanhydrin  could b e s t  be i s o l a t e d  by le a v in g  
th e  r e a c t i o n  m ix tu re  o v ern igh t a t  room tem p era tu re .
I t  formed n e e d le s  ( e th y l  a e e t a t e - p e t r o l  b .p . 60-80°) 
m.p. 178-80° but was not f u r t h e r  c h a ra c te r i s e d  s in ce  
b e t te r  yield®  were o b ta in ed  i n  experim ents o f  short 
reao&ion t im e s .
5 fr-A eetoxy-11*17a - dloxo-h-hom oandrostane.*  (IV)
(a) H ydrovenation . The etude, d r ie d  cyanhydrin  
(5*80 g . )  i n  g l a c i a l  a c e t i c  a c id  (AR; 160 e . c . )  was 
shaken under hydrogen w ith  Adam*s c a t a l y s t  (2 .0  g .)*
Two moles o f  hydrogen were absorbed in  40 mins.
F i l t r a t i o n  (g r a v i ty )  removed most o f  the c a t a l y s t  
and th e  ( c o l lo i d a l )  s o lu t io n  was evapora ted  i n  vacuo 
to  25 c . c .  and d i lu t e d  to 250 c . c .  w ith  w a te r .
(b) D eam ination. The fo reg o in g  s o lu t io n  was cooled  to  
0 - 5 °  and a c h i l l e d  s o lu t io n  of sodium n i t r i t e  (1G$ 5
36 c . c . )  added (10 m in s . ) .  The m ix ture  (p p tn . occu rs)  
was s to re d  a t  0-5° o v e rn ig h t ,  then  a t  room tem pera tu re  
fo r  3 hours  and the ketone removed in  ch loroform . The 
e x t r a c t  was washed w ith  sodium carbonate  s o lu t io n ,  
w ater, then  co n c e n tra ted  on the  steam b a th  a t  18 mm. 
to g ive  a s e m i- c r y s ta l l in e  mass (4 .8 8 g .) .  Chromato­
graphy on alumina. (100 g .)  in  benzene and e lu t io n  w ith  
** Cf. Goldberg, e t  a l . ,  H elv . Chita. A c ta , 1941, 2£, 478, 
295E, 1940, 22* 376, 840 and l a t e r  p ap e rs .
benzene gave th e  LI s 17a -d ik e to n e  a s  e longa ted  prism s 
m.p* 185-6° ( e th y l  a c e t a t e - p e t r o l  60-80°) (4 ,24  g .)
-  29° ( e ,  1 .7 9 )  Founds C, 73*55$ H, 8 .7 5 .  
®22^32®4 r *V*3-rea 0, 73*30$ E, 8 .95$ . SLution 
w ith  e th y l  a c e ta t e  a f fo rd e d  an amorphous s o l i d  (200 mg.) 
which may be th e  11-17-homodiketone. The i n f r a - r e d  
spectrum  in d ic a te d  carbonyl bands a t  1735 and 1250 cbT1 
( a c e t a t e )  and 1716 cm**^  (6-membered k e to n e s ) .  
5ff-A ce toxy -I l  s l7 a -dioxo-B -hom oandrostanolactone (LVII)
To a s o lu t io n  of the fo re g o in g  homoketone (1 .0  g . ) 
i n  m ethylene c h lo r id e  (10 c . c . )  co n ta in in g  j>~toluene- 
su lp h o n ic  a c id  (10 mg.) was added dropw ise, w ith  
s w i r l in g ,  a  s o lu t io n  of  p e t r i f l u o r o a c e t i c  ac id*
(715 mg. -  2M) in  methylene c h lo r id e  (5 c . c . )  d u ring  
10 m inu tes  so t h a t  the  tem pera tu re  o f  the r e a c t io n  
m ix tu re  d id  n o t  exceed 5° ( i c e - c o o l in g ) . The 
s to p p e red  r e a c t io n  f l a s k  was s to re d  a t  2Q& i n  th e  dark , 
t i t r a t i o n  r e v e a le d  t h a t  1 .0  M p e ra e id  was consumed i n  
70 m in u tes  (from the  f i r s t  a d d i t io n  o f  r e a g e n t ) .  The 
s o lu t i o n  was then  d i lu t e d  w ith  chloroform  (25 c . c . )  
and very  r a p id ly  washed s u c c e s s iv e ly  w ith  w a te r  (50 c .c .  
sodium b ic a rb o n a te  s o lu t io n  (50 c . c . )  and w a te r  (50 c . c .
* Of. Sager and Duckworth, J .A .O .S . , 1955, 22* i 8 9.
E v apora tion  in  vacuo (steam ba th )  a f fo rd e d  an o i l  
{1.0 g . } which on t r i t u r a t i o n  w ith  e th e r  deposited, 
fin©  n e e d le s  (400 mg.) tu p .  178-80° [ a j^  -  57°
(®f 1 .4 1 )»  and a second crop (100 mg.) m.p* 171-3°
-  52° ( c f 1 .2 8 ) .  The m other l i q u o r s  con ta ined  
an a p p re c ia b le  amount o f  la c to n e  deteimiined by 
co n v e rs io n  to th e  seoo benzy lidene  ac id  (v id e  i n f r a ) .  
R e c r y s t a l l i s e d  from e th e r  th e  la c to n e  formed n e e d le s  
m .p. 182-3° -  66° (c* 1 .05 )  found: C> 70.80?
I ,  8 .5 0 .  022H3205 r e q u i r e s  0 , 70.20? Hf 8.60?,.
The hoisohetone (L¥) was recovered  unchanged from 
s o lu t io n s  o f  p e r a c e t i c  and perbenzo ic  a c id s  a f t e r  
s e v e ra l  days a t  room tem p era tu re .
f o r  th e  n e x t  s ta g e  the t o t a l  crude la c to n e  was used 
d i r e c t l y .
(A) ”B enzy lidenew s e r i e s
3 (3-Hydroxy-l  1 - oxo-l  S -b en z y lid e n e - l  3(17 )- s e c o a e t io c h o l -  
12-©ne~2Q-c a r b o x y l lc  a c id . ( L I I ) .
To th e  fo re g o in g  la c to n e  (1 g . ) was added a  s o lu t io n  
o f  benzaldehy&e (1 g . ) i n  s a tu r a te d  a lc o h o l ic  hydrogen 
c h lo r id e  s o lu t io n  (20 c . o . ) .  A f te r  20 hours  a t  room 
tem p era tu re  the  s o lu t io n  had 25#000 (c o n s t .  )•
A d d it io n  o f  w ate r  to the s o lu t io n  fo llow ed by e th e r  
e x t r a c t i o n  and removal of feenzeldehyd© w ith  sodium
b i s u l p h i t e  a f fo rd e d  the crude e th y l e s t e r  to g e th e r  
w ith  some e th y l  benzoa te . H ydro lys is  was e f f e c te d  
i n  b o i l i n g  m ethanolio  sodium b ic a rb o n a te  s o lu t io n  
(5$; 100 c* c . ) under n i t r o g e n  (4 h o u r s ) .  A dd ition
o f  a c e t i c  a c id  fo llow ed by removal o f  s o lv e n ts  and 
e x t r a c t i o n  in to  sodium carbonate  s o lu t io n  gave, a f t e r  
removal o f  th e  n e u t r a l  f r a c t i o n  in  e th e r  (crude 
n e u t r a l  f r a c t i o n  [ a -  20°) a c i d i f i c a t i o n  and 
reco v e ry  i n  e th e r  an ac id  f r a c t i o n  (0 .8  -  0 .9  g . ) 
which a f t e r  chromatography in  benzene -  acetone  
(9 * 1) over  s i l i c a  gel formed t in y  g l i s t e n i n g  
p rism s from methanol m.p. 228-9°. C r y s t a l l i s a t i o n  
from m ethanol gave th e  pure se co -ac id  a s  ye llow  prism s 
m.p. 233-4%  [a jp  + 301° ( c ,  0.82? p y r id in e )  A \ ffiax# 
233, 325 mp (£ 1 4 ,0 0 0 ;  35,200) founds C, 76.95?
H, 7 .7 5 .  C27H34°4 r e l u i r e s  ?6.75? H> 8*10$;
o v e r a l l  y i e ld  from D-homodihetone (IV) was c a . 20-25%. 
This .afcit was id e n t i c a l  w ith  the "homo” ac id  d e sc r ib e d  
above ( m .p . , mixed m .p . ,  r o t a t i o n ,  U.V* spectrum ). 
3{3-Hvdroxy-l l : 20-d io x o -1 3 -b en zy lid en e -13 (17 ) - s e c o a l lo -  
p regn -12-en.e (LIX)
The fo re g o in g  ac id  (1 .0  g . ) was ground to & very  
f i n e  powder and suspended in  dry  benzene (5*0 c .c . ) *
E.27
Oxalyl c h lo r id e  (1 .0  g . ) was added and when s o lu t io n  
was complete (3-40 h ou rs  depending on the  s t a t e  o f  
s u b d iv is io n  of th e  ac id )  so lv e n ts  were removed a t  
€0-70V lO  mm., then a t  30-40'V o . 5 mm.* The 
r e s u l t a n t  deep y e llo w  o i l  was d is s o lv e d  in  d ry  benzene 
(5 c . c . ) and added dropwise with s w ir l in g  to  a 
s o lu t io n  o f  diazomethane (2 g .)  i n  e th e r  (150 c . c . )  
a t  0 -  5°• A f te r  30 m inutes a t  0 - 5 °  (o range- 
yellow ) and 1 hour a t  room te m p e ra tu re ,  excess d ia z o -  
methane and e th e r  were removed in  vacuo a t  * ^ 4 0 °  and 
th e  ( o i ly )  d iazoketone  d is so lv e d  in  chloroform  (5 c . c . ) .
This s o lu t io n  was t r a n s f e r r e d  to  a s e p a ra t in g  
fu n n e l and hydrio& ic a c id  s o lu t io n  (55$ in  w a te r ;  
l#-0 c . c . )  added. E vo lu tion  o f  n i t r o g e n  was u s u a l ly  
com plete i n  5 m in u tes ,  whereupon w ate r  (20 c . c . )  was 
added to g e th e r  w ith  a f u r t h e r  amount (20 c . c . )  o f  
ch lo roform . A f te r  removal o f  io d in e  by shaking w ith  
sodium th io s u lp h a te  s o lu t io n ,  the chloroform  e x t r a c t  
was washed w ith  w ater  and th en  evapora ted  to  le a v e  
the  methyl ketone as an a i l  (which gave an immediate 
y e llo w  p r e c i p i t a t e  w ith  e th a n o l ie  2 i 4 -d in i t r o p h e n y l -  
h yd raz ine  s u lp h a te ) ,  to g e th e r  w ith a t r a c e  o f  
d ia c e ty l  which can be removed in  a h ig h  vacuum.
# Cf. Wolfram e t .  a l . . J .  Aiaer. Ohenu, Boo. , (1942),
64 , 1701, 2329? idem, i b i d . , (1943), 6£, 1021, 1516; 
idem, i b i d . , (1944), 66,, 204.
:r» o oj;;. d i.j
Chromatography over s i l i c a  did r o t  a f fo rd  c r y s t a l l i n e  
m a te r ia l#  The o i l  had l i g h t  a b so rp tio n  \ \  . 235,
325 mji (€ .1 0 ,0 0 0 ; 24,000 re a p * ) .
3ft~Hydroxy~l l  12 0 - d io ^ l8 - h e |^ U d e n ® ~ 1 4 ~ i£ 0 - 1 7 ~
Aas&y^ggg! (M)
The above crude s©co~ketone (1*0 g . ) d is s o lv e d  in  
benzene (3 c . c . ) was t r e a te d  w i th  snefchanolic s o lu t io n  
o f  po tassium  e th o x id e  (0 .2  M; 100 c . c . )  f o r  16 hours 
a t  20° under n i t r o g e n .  The s p e c i f i c  r o t a t i o n  o f  the  
s o lu t i o n  during  t h i s  p er io d  changed from + 200°
(©, 1*00) ( f i r s t  m easurable v a lu e)  to + 57°
(o ,  1*0) w h i l s t  the maxim in  th e  U.¥. spectrum 
^ W a a x  325 mjx) were re p la c e d  by a s in g le
a b s o rp t io n  band a t  255 mp ( € 1 2 ,0 0 0 ) .  The r e a c t io n  
s o lu t i o n  was th e n  a c id i f i e d  (BOAc), s o lv e n ts  removed 
ftn vacuo (steam b a t h ) ,  and th e  crude p re p a ra t io n  
o b ta in e d  by chloroform  e x t r a c t io n  su b je c te d  to  
chromatography over  s i l i c a  gel to give a f r a c t i o n  
e lu te d  w ith  b e n z e n e -e th e r  ( 9 s i )  (330 m g.) . Sublim­
a t io n  a t  160/I0*~^mm. gave th e  o y c l ise d  ketone as  a 
w h ite  s o l id  m.p. 191-3° (250 m g .) . Re c r y s t a l  U s e d  from 
e th e r  i t  formed n e e d le s  m.p. 194-5° -  26° ( c ,  0 .84)
Found: 0 , 80.1)5? H, 8 .4 0 . °23H36°3 r e vJUi r e e
0 ,  79.95? H, 8 .65$ . L ig h t a b so rp t io n  255 m p
X X i n f l . 2 3 3 .5 , 293 mp. ( £  20,900; 2 ,600; 1 ,800  r e s p . ) .
3 p * llP t  2 0 |- 1 4 - l8Q-17-Aso—IS - ’bea .zy lld en en llo p rem an e  
t r i o l  (I.XI)
The above d ik e to n e  (400 mg.J was p laced  in  a 
S o x h le t  e x t r a c t io n  th im ble  over a r e f lu x in g  s o lu t io n  
o f  l i t h iu m  aluminium hydride  (40& mg.) i n  e t h e r  
(150 c . c . ) . A f te r  16 h o u rs ,  decom position  w ith  
e th y l  a c e ta t e  end i s o l a t i o n  i n  th e  u sua l way a f fo rd e d  
th e  b enzy iidene  t r i o l  (IXIj as t i n y  prism s (300 mg.)
® .p . 237-8° (fro® e th y l  a c e t a t e ) ,  fa]p  + 59° ( c ,  1 .50 )
+ 58* (o ,  1 .00 )  (Found* 0 , 79.055 H, 9 .0 5 .
®28^4Q®3 recl^ i r e s  79* 20; K, 9.50% ). l i g h t  
a b so rp tio n s  255 mp, €  20,800.
3Pi110*g0f~ tr ih y d ro x y -14- is o ~ 17~is o a l lo p re g n a n -1 8 -a l  
(LXII)
Ozonised oxygen (5f )  was passed  through a s o lu t io n  
Of th e  above t r i o l  (101 mg.) in  methylene c h lo r id e  
(100 e « e . ) a t  -6 0 °  u n t i l  th e  s ty re n e  a b s o rp t io n  band 
a t  255 mn d isa p p e a re d ,  (determ ined by removing 
a liquo t©  from th e  o z o n is in g  s o lu t io n )  -  th e  band 
a t  255 mj* ( € 2 0 ,8 0 0 )  was re p la c e d  by a  low er i n t e n s i t y  
band a t  245 mp ( f e l l ,000). A f te r  30 m inutes 
oon^ ta n t )  the osonide was r e d u c t iv e ly  
decomposed by s t i r r i n g  with z inc  dua tw (0 .5  g . )
(** HOAc/steam b a th /2  hours fo llow ed  by washing w ith 
w a te r  and d ry in g  a t  100°).
and a c e t i c  ac id  (80#? 5 c . c , )  w h i ls t  the tem pera tu re
wa3 allowed to  r i s e  from -60° to +20° (2 h o u rs ) .  ih e  
f i l t e r e d  s o lu t io n  was worked up in  the  u su a l  way to  
l e a v e  an o i l  (100 mg.)  w ith  a s tro n g  sm ell o f  benz- 
a ldehyde. A dd ition  o f  e th y l  a c e ta te  induced the  
c r y s t a l l i s a t i o n  of the aldehyde which formed t in y  
p rism s (from e th y l  a c e ta t e )  o r  n ee d le s  (from CHOl^) 
su p . ' 210-2° [a ]^  + 106° ( c ,  1 .30) (m ethano l) . jPound*
0 , 72.20? E, 9 .6 5 .  a 21H34°4 re(lu i r e 3  Q> 71.95*
H* 9*80$. I .R .  spectrum (n u jo l)  showed hydroxyl 
(5350 em**^ } bu t no a p p re c ia b le  carbonyl a b so rp tio n  
( a t  l e a s t  ^ 5 $ ) *
W olff-lCishner Reduction
The fo re g o in g  aldehyde (150 mg.) was added to  
a  m ix tu re  o f  sodium e th o x id e  (300 mg.) in  e th an o l 
(5 c . c . )  and anhydrous hydrezine (15 c . c . ) .  The 
Sealed  v e s s e l  .was hea ted  a t  180° fo r  16 h o u rs .
I s o l a t i o n  in  the  u su a l way gave an o i l  (150 mg.) 
which on s ta n d in g  w ith  e th y l  a c e ta te  d ep o s ited  prism s 
(140 mg*) m.p* 195-200°. E e c r y s t a l l i s e d  from e th y l  
a c e ta t e  3egll(3:20^-X4~iso-17~isoaX lonre£nana t r i o l  (LXV) 
formed prism s m.p. 202-3° + 59° (c» 0.73)
[Pound* C, 75*15? H, 10 .80 . ^21H56°5 r e l u i r e ®
3.31
G» 74*95* a$ 10.80/t-j. On adm ixture w ith  a u th e n t i c  
3 £ a11£ :28P -a llo p reg n an e  t r i o l  (via© i n f r a )  m.p.
2G3-5‘# the  f o i l  vwing mixed m .p .s  were o b ta in ed  su c c e ss ­
iv e ly :  2Cx>-2Q3* 176-63, 194-6 . Mixed m.p. w ith  
s t a r t i n g  a ldehyde (2X2°) was 162-193".
33* 11 ft • 2Qjr-1 4 -1  so -17- i  soai r  opregnane t r i o l  3 : 20-d ia o e ta te  
ih© above t r i o l  (56 mg.) in  p y r id in e  (1 c . c . )  
was t r e a t e d  w ith  a c e t i c  anhyaride  (120 m g .) . A f te r  
18 h o u rs  a t  roum tem peratu re , a t e r  was added m d  th e  
d i a c e t a t e  recovered  in  e th e r  -  as  needle© (from 
m ethanol) m .p . 181-4* + 45 w (c* 0 .70 ) dep ressed
on adm ixture w ith  a u th e n t ic  3£ :ll£ :20£-allopr© gnan©  
t r i o l  3 s 2 0 -d iace  tat© (m.p. 178-80°) to  157-60y fa ]j)
♦ 36 (a* 0 .9 1 )  (hounds 0 , 71*75; H, 9*35.
^25^40^5 re<l ia*r e s  71 .40 ; H, 9*604>)
3 *20-& ioxo-1 4 - i i o - i 7 - isoariQ pregnane  (Dioxo&iginane)
( i r v i i )
A s o lu t io n  of tn© t r i o l  (IXV) (140 aig .) i n  
g l a c i a l  a c e t i c  a c id  (20 c . c . )  co n ta in in g  p e r c h lo r ic  
a c id  (72/tj Q.2 c . c . )  was shaken in  an atmosphere o f
hydrogen over px*©redueed Adam*® c a t a l y s t  (70 m g .) .
A f te r  24 hours  (1 mole hydrogen absorbed) the  
f i l t e r e d  s o lu t io n  was d i l u t e d  w ith  w a te r ,  e x t r a c te d
E.32
w ith  chloroform  and the  e x t r a c t  washed w ith  sodium
b ic a rb o n a te  s o lu t io n  and then  w ater and evapora ted
to  le a v e  th e  p roduct (130 mg.) as s t e l l a t e  c l u s t e r s
a . p . 154 -60° . This was d i r e c t l y  transfo rm ed  to th e
3 :2 G -d io l  by r e f lu x in g  w ith  m ethano lic  potassium
hydrox ide  s o lu t io n  ( 5$ ; 25 c . c . )  and the  d i o l ,
i s o l a t e d  i n  the  usua l way, ob ta ined  as  n ee d le s
(m ethanol) m.p. 163-4° (125 mg.) [ a 3^  + 43° ( c ,  2 . 30) .
This  d io l  (125 mg.) in  a c e t i c  ac id  (2 c . c . )  was
t r e a t e d  d i r e c t l y  w ith a s o lu t io n  o f  chromium t r i o x id e
(99«0 mg*) i n  a c e t i c  a c id  (6 c . c . ) .  A f te r  16 hours
a t  20° ex cess  chromic ac id  was d es tro y ed  by a d d i t io n
o f  m ethanol and then  s o lv e n ts  were removed a t  4 0 ° /0 .5  mm.
I s o l a t i o n  i n  the usua l way affo rded  an o i l  (100 mg.)
which d e p o s i te d  n e e d le s  on s ta n d in g  under m ethanol.
Chromatography of t h i s  p re p a ra t io n  over alumina
(g rade  3 ; 3 g . ; p repared  in  p e t r o l )  fu rn is h e d  on
e l u t io n  w ith  petro leum  e th e r  (60- 80° ) :  benaene (9 : 1 ) ,
f r a c t i o n s  2 - 6  (28 mg.) m.p. 137-9° W p  + 59°
( e ,  0 . 6G) and w ith  petro leum  ether-benssene ( Is  1 ) a
f r a c t i o n  (20 mg.) m.p. 138-40° + 39° ( c ,  1 . 10) .
K e c ry s ta l l !© a t io n  from petroleum  e th e r  gave n e e d le s
m.p. 139-41° £a Jp + 39° ( c ,  0 .91) ( l i t . ' *  m.p. 138-41°
f a + 39.6  + 2° ( c ,  1 . 36) ) ,  undepressed  on jD *•
•3$- P re ss  and Hei chs t e i n , He I v » Qhim • A c ta , 1 9 4 / ,  3Q» 2127.
E . 3 3
adm ixture  w ith  H e io h s te in 's  d io x o d ig in an s .  The I .E .  
s p e c t r a  were a lso  i d e n t i c a l  (see  page 4 3 ) ,
(B) 1 3 - ISO S e r ie s
Base c a ta ly se d  Lactone opening
*ffflttTT|ir*T— J—ntt~—TtTl— *— — ""TT— fTT**T—T— r~— fflrmr n'TTHin i li«ir-m w iir iii Awn^nmwji-WWlwfc..
3 ^ -A ce to x y - l l  s 17a-dioxo-I)-hom oandro0tanolactone 
( iVXJ)  (1 .95  g .)  was d is s o lv e d  in  e thanoli©  potassium  
ethoxid© s o lu t io n  (5f°; 100 c . c . )  and h e a te d  on the
steam h a th  f o r  1 hour under n i t ro g e n .  n e u t r a l i s a t i o n  
(HOAe) and working up in  the usua l way a f fo rd e d  an 
a c id  f r a c t i o n  (1 .80  g .)  (LXVIII) as  an o i l , £ 237* 
12,600 , which could n o t  be c r y s ta l l i s e d *
3 ft-A cetoxy-l 1 120-d ioxo-1 5 -i s o - 17- is o a l lo p re g n a n e  (LXX)
The fo re g o in g  ac id  (1 .8  g . ) was transform ed to 
th e  co rrespond ing  methyl ketone and c y c l i s e d  as  in  th e  
experim en ts  d e sc r ib ed  above fo r  the benzy lidene  seco 
s e r i e s ,  w ith o u t i s o l a t i o n  of in te rm e d ia te s ,  r e a c t io n s  
Being c o n t ro l l e d  s p e c tro p h o to m e tr ic a l ly .  In  t h i s
way th e  f i n a l  ( a c e ty la te d )  c y c l is e d  d ike tone  was 
o b ta in ed  a s  a dark v isc o u s  o i l  (.1 .1 0  g . ) which a f t e r  
chromatography over alum ina in  benzene gave a f r a c t i o n  
r e c r y s t a l l i s e d  from petroleum  e th e r  ( b .p .  60-80°) as 
n e e d le s  (200 mg. ) m.p. 121—2 [u 1 — 182° ( o , 1 *10) .
Pound8 C, 73.80* H, 8 .8 0 .  e23H34°4 r e q u i r e s
0 , 73 . 75? H, 9.15/".
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3 * X I120~T.rioxp-l  3- i  so - 1 7 - i  s o a l 1opre gnane
fh© 3P ~ace toxy~ lis20-d io n e  above (300 mg.) was 
s a p o n i f ie d  (5$ KOH—MeQH, steam b a th ,  3 hours)  and the  
r e s u l t a n t  3 P-hydroxy compound t r e a t e d  d i r e c t l y  w ith  
chromic a c id  (200 mg.) in  a c e t i c  ac id  (10 c . c . ) .  
I s o l a t i o n  i n  th e  usua l way ( a f t e r  d e s t r u c t io n  o f  
ex c ess  QrO^ w ith  MeOH) a ffo rd e d  th e  t r io n e  as  needle© 
(150 m g.) ( e th y l  a c e ta te  -  p e t r o l )  m.p. 140° , Ca Jj) -  
165° ( c ,  0 .8 5 ) .  founds C, 76 .50; H, 9 .2 5 .
° 21H30°5 r e q u i r e s  0 , 76 .30 ; H, 9.15#«
5 * 2Q~Moxo~13'~iso~17~tso~allQpre&nane
fo a s o lu t io n  of the ace toxyd iketone (LXX) (300 mg.) 
i n  e th e r  (20 c . c . )  was added l i th iu m  aluminium hydride  
(300 mg.) i n  e th e r  (180 c . c . )  and r e f l u x  m ain ta ined  
o v e rn ig h t .  Working up in  the u su a l way a f fo rd e d  the  
t r i o l  as  an o i l  (260 m g .) . f h i s  t r i o l  was shaken in  
a c e t i c  a c id  (20 c . c . )  w ith  p e r c h lo r ic  ac id  (0 .2  e . c . )  
i n  an atm osphere o f  hydrogen over p rereduced  Adam's 
@&taly©i (130 m g.) . Hydrogen a b s o rp t io n  was complete 
i n  24 h o u rs .  fhe r e s u l t a n t  p roduct was hydro lysed  
to  th e  3 «20~ d io l  ( o i l |  230 mg.) and th e  l a t t e r  
p ro d u c t t r e a t e d  w ith  chromium t r io x id e  (200 mg.) in  
a c e t i c  a c id  (15 c . c . )  fo r  16 hours a t  20°. Working
$.35
up in  the  u su a l way gave th e  dione as  an o i l  (100 mg,)* 
Ohromatography over alumina i n  carbon t e t r a c h l o r i d e  
gave a f r a c t i o n  e lu te d  w ith  carbon t e t r a c h l o r i d e  
which formed n ee d le s  m.p. 147-3° (petro leum  e th e r )
-  61® (C | 0.75)-. Founds C, 79 .60 ; B, 10 ,2 0 . 
C21H32°2 r e q u i r e s  0, 79 .70 ; H, 10 .20$.
30t 17<A-Maeetc:Ky~l l ~ Qxo~I 3 - i80andrQ stane (LXXX)
3 P -A ce to x y -ll  120-»dioxo-l 3 - i  so -17- i  so al l  opr e grume 
(240 mg.) in  m ethylene c h lo r id e  (4 c . c . )  was t r e a t e d  
w ith  a s o lu t io n  of p e r o x y t r i f l u o r a c e t i c  a c id  (150 m g.) 
i n  m ethylene c h lo r id e  (1 c . c . ) .  A f te r  one hour a t  
room tem p era tu re  (1 .15  M pcrad id  consumed) chloroform  
(10 c . c . ) was added and the s o lu t io n  washed w ith  sodium 
b ic a rb o n a te  and w ater  and then  evaporated  to  le a v e  
th e  d i a c e t a t e  (200 m g.). Chromacography over 
alum ina gave the pure d ia c e t a t e  as  needle© (130 mg.)
(from petro leum  e th e r )  m.p. 123° [«Jp -  125° ( c ,  1 .1 0 ) .  
Founds C, 70 .50 ; H, 8 .9 5 .  ^23H34°5
0 t 70 .75 ; B, 8*805$.
5%17-Di oxo-15 - i s o and rostane  (o f .  B i l l® te r  and M ieseher* 
B e lv . Qhim. A cta , 1951, 54 , 2053) (LXXIII)
Th® fo re g o in g  d i a e e t a t e  (300 mg.) i n  e th e r
& B i l l e t e r  and M iescher g ive  m.p. 165-6° Ca]^ -58° ± 3° 
(C, 0 .6 ) .
£.36
(100 c .c # )  was t r e a t e d  w ith l i th iu m  aluminium 
h y d r id e  (300 mg.) ana h ea ted  under r e f l u x  f o r  16 h o u rs .  
I s o l a t i o n  i n  the  u sua l way a ffo rd ed  th e  crude t r i o l  
(300 mg.) which was d i r e c t l y  d is s o lv e d  i n  a c e t i c  ac id  
(20 c . c . )  c o n ta in in g  p e r c h lo r ic  ac id  (70$$ 0 .10  c . c . )
and shaken f o r  24 h ou rs  under hydrogen w ith  Adam*s 
c a t a l y s t  (150 m g ,) .  The r e s u l t a n t  3 * 1 7 -d ia e e ta te  
was s a p o n if ie d  (5$ KOH -  methanol -  3 hours)  and the  
r e s u l t a n t  crude p r e p a r a t io n  of th e  3 *17- d i o l  t r e a t e d  
d i r e c t l y  w ith  chromium tr io x id ©  (ARj 160 mg.) in  
a c e t i c  a c id  (15 c . c . ) .  A f te r  16 hours  excess  chromic 
a c id  was d es tro y e d  hy a d d i t io n  o f  m ethanol; so lv e n ts  
were removed i n  vacuo and the  p roduct reco v ered  in  
e t h e r .  Chromatography in  carbon t e t r a c h l o r i d e  over 
alum ina (5 g . ) gave a f r a c t i o n  (30 m g.) m.p. 165-7°
£a]^ -  64° ( c f 0 .7 0 ) ,  R e c r y s t a l l i s a t i o n  from e t h e r -  
petro leum  e t h e r  a f fo rd e d  n e e d le s  m.p. 165-7° £c x -  74° 
(@f 0 . 38)^ I.R* a b s o rp t io n  a t  1716 cbT^ (6 m. "7C 0 )
and 1730 cm~^ ( 5 m .  >C » 0 ) ( h u jo l ) ,  i d e n t i c a l  in  
every  r e s p e c t  w ith  the p ro d u c t o f  i r r a d i a t i o n  of  3*17- 
dloxo-an& rostane (m .p .,  mixed m .p . ,  r o t a t i o n ,  i n f r a - r e d  
spectrum -  v id e  i n f r a ) . Development o f  the
* B i l l e t e r  and M iescher g ive m.p. 165- 6° [«']„ - 58°+ 3° 
(0 ,  0 .6 ) .
chromatogram with benzene-peta*ol@um e th e r  ( i s l )  and 
w ith  benzene gave a f r a c t i on (77 mg*) m.p* 174-5°. 
C r y s t a l l i s e d  from e th e r -p e t ro  1 euxn e th e r  3 :1 1 :1 7 -  
t r io x o - 1 3 - i s o a n d r o s tane  formed s to u t  n e e d le s  o r  p rism s 
m .p. 174-5° (bo th  forms) [a 3^ * 160° ( c ,  2 .0 0 ) .
Found: 0 ,  75*40; Hf 8 .7 0 . ^19^ 26^3 reclu ^:re®
0 ,  75.451 H, S .65$.
I r r a d i a t i o n  of 3 s l7~£ioxoandrostane
MMMNtpwpi'Wrt1.■ fcn .r iT n-iir jin ~ r.i ir rtiTiwiHWWW o ii . ii iiwr in irtnn i m ~ i  n.  in h i n n  u p  w '"W m m,
&In  the b e s t  of s e v e ra l  experim ents th e  d ike tone  
(495 mg.) was d issm lv M  in  benzene (10 0. 0. )  i n  a 
s i l i c a  tube and i r r a d i a t e d  w ith U.7 . l i g h t  (from a 
so u rce  4 ram. from th e  tube) under n i t r o g e n .  D i lu t io n  
to  30 c . c .  was n e c e ssa ry  a f t e r  7 hours  due to  p r e c i p i t ­
a t i o n  o f  in s o lu b le  m a t te r  on th e  w a lls  o f  th e  tube . 
I t a i n g  th e  i r r a d i a t i o n  the s p e c i f i c  r o t a t i o n  was 
measured a s  fo l lo w s .
lim e ( h r s . ) <e)
0 + 104° 1.03
7 + 71® 2.47
10.5 +• 60® 1.66
3,6.5 + 31® 1.66
23 ♦ 16.3® 1.23
* Of* B utenandt e t .  a l . » B e r . . 1944, H ,  394 and 
p rev io u s  p ap e rs .
The benzene was removed and th e  re s id u e  chromatographed 
i n  carbon t e t r a c h l o r i d e  over alum ina (15 g . ) to 
a f f o rd  a f r a c t i o n  (200 mg.) e lu te d  w ith  carbon 
t e t r a c h l o r i d e  which formed n e e d le s  from e th e r — 
petro leum  e th e r  m.p. 167-8° [a ]^  -  76° ( e ,  0 .63) 
i d e n t i c a l  i n  eve ry  r e s p e c t  w ith  3 :17-dioxo~13-isO“- 
an d ro s tan e  d e s c r ib e d  above. Founds 0 , 79*30;
H# 9*40. ^19^28^2 r e l a i r e s  79 .10; H, 9*80$.
l i g h t  a b s o rp t io n ;  > 0  = 0 , 17X6, 1730 cm-1  (H u jo l) .
3 g-Hydroxy-l l - o xo - 12-bro a o -1 8 -benzyl i  dene-1 3(17)- s e e o -  
e tioQ hol~12~en.Q-2 0 -c a rb a x y lio  ac id  (LXXX)
To th e  b e n z y l id e re  old ( I I I )  (120 mg.) i n  g la c ia l  
§® etic  a c id  (5 c . c . )  co n ta in in g  hydrogen bromide 
(5$ s o ln .  i n  HOAe; 1 drop) was added a s o lu t io n  of 
bromine (48 mg. ; 1 .0  M) in  a c e t i c  ac id  (2 .14  c . c . ) .
A f te r  10 m inu tes  th e  r e a c t io n  m ix tu re  was poured in to  
w a te r ,  e x t ra c te d  w ith  ch lo roform , the  e x t r a c t  washed 
w ith  w a te r ,  and evapo ra ted  to  y i e ld  sm all p rism s 
(from a c e to i ta /e th o r )  (100 mg.) m.p. 235-7° (d e c .)
M - q + 241° ( e ,  0 .3 0 ,  p y r id in e ) .  The a n a ly t i c a l  
specimen (hem ihydrate) had m.p. 248-9° (d e c .)
+ 241 .3° ( c ,  0 .2 9 ) .  l i g h t  a b s o r p t i o n ^ ^  238;
343 mp. 6  , 8 , 400; 22,800 r e s p e c t .  Found:
0 ,  63 .60 ; H, 6 .9 0 ; Br, 15 .7 0 . O^H^O^BrjO.SHgO
r e q u i r e s ,  0 , 63 .50 ; H, 6 .?0 ;  B r, 15.65ir'. When 
a s o lu t io n  o f  the above ac id  i n  e th an o l was s to re d  
i n  normal d a y l ig h t  fo r  s e v e ra l  h o u rs ,  o r  exposed to 
s u n l ig h t  f o r  10 m in u tes ,  the  u l t r a v i o l e t  a b s o rp t io n  
maximum a t  343 nap ( 6 ,  22,800) was re p la c e d  by a 
maximum a t  310 mp ( 6 , 11,000) [due to th e  
i s o m e r is a t io n  or o th e r  l i g h t  induced change o f  the 
a t y r y l  ehromophore] .
O aono lys is  o f  the  hromoacid
The above brozaoacid (88 mg.) in  methylene 
d i c h lo r i d e  (100 c . c . )  was ozonised  f o r  5 m ins. a t  
- 7 0 ° ,  The u l t r a v i o l e t  >: 1 so rp tio n  o f  an a l i q u o t  
r e v e a le d  the  p resence  o f  benzaldehyde (245 mju) and 
a second chromophore (290 mji) (a ld e h y d e -ac id  
[LXXXIa]). On working up the  ozonide by do com position 
w ith  w a te r ,  and chromatography o f  the chloroform  
e x t r a c t  on s i l i c a ,  from the f r a c t i o n  e lu te d  w ith  
benzene was o b ta in e d  benzaldehyd© (5 mg*) w ith  some 
benzo ic  ac id  ( t r a c e ) .  The f r a c t i o n  e lu te d  w ith  
benzene-acetone  (9 s?) fu rn ish e d  th e  brom odicarboxylie  
©oid (XXXXIb) (20 mg.) a s  an amorphous p a le  ye llow  
©olid (E tO A c-light petroleum ) m.p. 180-200°. L ig h t 
a b s o rp t io n  £  f f \  5 ,500 . Found: Br. 17*90$.
®20K27° 6®r  r e t u i r e s  B r 1 8 . 00JC.
Q zonolysis of  the benzyl id eng ac id  (LI I )
O zonised oxygen was passed  th rough  a cooled  
(-60  ') s o lu t io n  o f benzyli& ene ac id  (L II) (12 .0  mg.) 
In  m ethylene ohlox'ide (100 c. c . ) j  th e  o z o n iz a tio n  
b e in g  fo llo w ed  spe c tro p h o to m etri c a l l y • Worked up
a s  above a f fo rd e d  a n -o i ly  d ic a rb o x y lic  a c id  (LXXXII) 
which cou ld  n o t  he c r y s ta l l i z e d  and showed an 
u l t r a - v i o l e t  maximum a t  248 mp fc11 ,0 0 0 . 
L ehydrobrom ination  A ttem pt a
 ..................................     ■■ »mnm
a) Uain& c o l l id in e
The fo re g o in g  hromoacid (1XXX) (250 mg*) was 
added to  r e f lu x in g  c o l l id in e  (2 .5  c . c . ) .  B eflux  
was s topped  when c o l l id in e  hydrobrom ide p r e c ip i t a t io n  
seemed com pleted (10 m in u te s ) . The so le  i s o la b le  
p ro d u c t from th i s  experim ent c r y s t a l l i s e d  from 
m ethanol a s  prism s m .p. 248—9° undepressed  on 
adm ixture w ith  s t a r t i n g  m a te r ia l .
b) C o llid in e  in  a s e a le d  tube (180°)
A s o lu t io n  o f  the  brom e-acid  (100 mg.) in  
'c o l l id in e  (2 c . c . )  was h ea ted  a t  180° i n  a s e a le d  
tu b e , f o r  16 h o u rs . Worked up in  th e  u su a l way 
a ffo rd e d  s t a r t i n g  m a te r ia l  (m .p. 245-9°) 
undepressed  m .m .p .j £  2 5 ,0 0 0 ).
Iy.ctX  •
£.41
c) S o d io m eth y lan ilin e  in  m e th y la n ilin e
A s o lu t io n  o f  b ro ao -ac id  (100 mg. ) i n  PhlHMe 
(1 c . c . )  was adaed to a warm s o lu t io n  of so d io m e th y la n ilin  
p rep a re d  under f ie s e r*  s in s tru c lio n s* '1’ , She r e a c t io n  
m ix tu re  was l e f t  r© flu x in g  w ith  s t i r r i n g  fo r  16 h o u rs .
I’rom t h i s  r e a c t io n  o n ly  s t a r t i n g  m a te r ia l  (m .p ., m .m .p ., 
was o b ta in ed  on s u i ta b le  working up.
d) Calcium O arbonate^him ethylacetam ide
She ac id  (43 m g .) , as  a f in e  m ic ro c ry s ta l l in e  
pow der, was added to  r e f lu x in g  (b a th  tem p era tu re  
130°) d im ethy lace tam ide  (2 c . c . )  in  p resence o f  
calcium  ca rb o n a te  (AH. $ 150 m g .). The b r ig h t
yellow  s o lu t io n  was re f lu x e d  fo r  50 m in u tes . On 
s u i t a b le  working up only  s t a r t i n g  m a te r ia l  (70 m g.) 
( i d e n t i f i e d  by i t s  m .p. and m .m .p.) was o b ta in e d .
e) S odam ide-liqu id
A s o lu t io n  o f  brom o-acid (200 mg.) in  d ry  e th e r  
(25 c . c . )  was added w ith  s t i r r i n g  to  a s o lu t io n  o f  
sodamide (p rep ared  from sodium -  2 .2  g . , and l iq u id  
BBy-iOO e . e . ) .  S t i r r i n g  was m a in ta in ed  f o r  8 h o u rs , 
when ammonium c h lo r id e  (2 .5  g .)  was added in  sm all 
p o r t io n s .  Only s t a r t i n g  m a te r ia l  was o b ta in e d  from 
t h i s  r e a c t io n .
# Edward and F ie s e r . J .  Am. Chern. Soc.« 19^0, 62 , 3789; 
Z ie g le r ,  Ja k o b , W ollthan and Wens, A nnalen, 1934, 511. 
64.
E.^2
£ ) I f  tnxum Oh lo r  id  e-hime thv lfo rra  amide
A s o lu t io n  o f  brom o-acid {36*3 v g . ) and L iC l 
(22 mg.) in  NH-dimethylformaraide (2 c . c . )  was 
r e f lu x e d  d u rin g  22 h o u rs . The s o le  i s o la te d  
p ro d u c t from t h i s  r e a c t io n  was s t a r t i n g  m a te r ia l  
(m .p*, m .ia.p*, ^ 2 2 ,5 0 0 ).
g) P o tassium  t-b u b o x td e
The brom o-acid (98 mg.) in  s o lu t io n  In  po tassium  
|~ b u to x id e  (15 c . c . ;  p rep ared  from potassium  -  250 m g., 
and t - b u tm o l  - 1 5 c .c . )  was h ea ted  ( re f lu x )  under 
n i t r o g e n ,  d u rin g  8 h o u rs . Worked up in  th e  u su a l 
wajr t h i s  r e a c t io n  gave ctr-t t in g  m a te r ia l  a s  th e  only 
i s o l a t e d  p ro d u c t.
Xtaetonisation A ttem pts
a) The brom o-acid (LXXX) and th e  ac id  ( h l l )  were 
reco v e red  unchanged from t h e i r  s o lu t io n s  in  p e r c h lo r ic  
acid/A H . a c e t i c  a c id  (10$).
b) fhe bensylidene ac id  ( I I I )  was recovered from a 
so lu tion  of i t s  p-bromophenacyl ester in  potassium 
j?-butoxid@.
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5 P-Mydroxy-11 12$-dioxor l  2 -bromo-18 -b en g y lid en e -l  3 (1 7 )-  
seco a l l  opr e*m~I 2 - ene (LXXXIV)
A s o lu t io n  o f  bromine in  a c e t i c  a c id  (AR.;
0 .5  c .c .?  1 .5  M) was added to  a  s o lu t io n  o f  3P~
h y d ro x y -lls  20-dioxG-18~b eazy lidene-13  (17 )-secoallo« - 
p rega-12~ene (90 mg.) in  a c e t i c  a c id  (AR.; 2 c . c . )
c o n ta in in g  55# s o lu t io n  o f  hydrobrom ic %cid in  a c e t i c  
a c id  (AR.; 1 d ro p ) . The r e s u l t in g  s o lu t io n  was
shaken d u rin g  5 m in u te s , dropped in to  w a te r and 
e x t r a c te d  in  th e  u su a l way to  a f fo rd  a gum w ith  the  
l i g h t  a b s o rp tio n  \ max 3^3 mp £ 14 ,000 . T his 
compound which gave a p o s i t iv e  B e i l s te in  t e s t  f a i l e d  
t© c r y s t a l l i s e .
58*»AcetQxy~l I i l 7 a - diQxo~1 7 -brQmo~IMiomQandroBtane
(U X tf)
3p-A cetoxy-ll:17a-d ioxo-B -hom oandrostane  (LV)
(1 .0  g . ) i n  a c e t i c  ac id  (AR. 5 22 c . c . )  c o n ta in in g
hydrogen brom ide (50# s o lu t io n  in  HOAc; 5 d rops) 
was t r e a te d  w ith  a  sm luthdn o f  bromine {$46 mg* {
1 m ole) in  a c e t i c  ac id  (AR.5 18.70 c . c . ) .  The
s o lu t io n  became c o lo u r le s s  w ith in  30 seconds o f  
m ix ing . A d d itio n  o f  w a te r (400 c .c . )  fo llo w ed  by 
f i l t r a t i o n ,  gave, a f t e r  w ashing w ith  w ate r and d ry in g , 
th e  monobromide (0 .975  g*) a s  n e e d le s  m .p. 225—7°
(d e c .)  (from  e th y l a c e ta te - p e t r o l )  + 24° (0 , 2 .0 ) .
E. 44
Found* C, 6 0 .40 ; H, 7 .3 0 ; B r, 1 8 .2 0 . 022H3104Br
r e q u ir e s  0 , 6 0 .1 5 ; H, 7 .1 0 ; B r, 18 .15# .
When the 3p~aeetoxy—llsl7a-d ioxQ -I)-hom oaiidrQ stane 
was su b m itted  to an id e n t ic a l  b ro m in atio n  u s in g  2 .4  
m oles o f  brom ine, t i t r a t i o n  a f t e r  30 m in u tes showed 
th a t 2 m oles o f  bromine had been consumed and on the 
u su a l work up n e e d le s  ( from e th e r )  were o b ta in ed  
(2 .3 1  g .)  m .p . 169-170° which, on r e  c r y s t a l l i s a t i o n  
from OHOl^-ether ro se  th e  m .p. to 1 8 5 -6 ° , * 138°
(o , 1 .3 2 ) .  The a n a ly s is  co rresponds to  a  m ix tu re  
o f  di~  and tr ib ro m id e s . Found C, 4 6 .1 5 ; H, 4.95}
Br, 3 6 .9 0 . 022H30°4Br2 r e <lu ire s  50.95; H, 5 .85;
Br, 30 .85# .
T reatm ent of th e  above monobromoketone w ith  
p e t r i f l u o r a c e t i c  a c id  (3 M) le d  to  reco v ery  o f 
s t a r t i n g  m a te r ia l  (m. p . ^  sum. p . ,  I . E . ) • The crude 
p ro d u c t (200 mg.) from such an a ttem p ted  la c to m is a t io n  
was t r e a te d  d i r e c t l y  w ith  e th& nolie  po tassium  hydroxide 
s o lu t io n  (5#) d u rin g  one hou r (steam  b a th ) .  The 
s o le  i s o la b le  p ro d u c t from t h i s  r e a c t io n  was th e  
r in g -B  d io sp h en o l (1XXXVIII) o b ta in ed  as  an o i l  
(IOC mg.) 5,200 i e S x .  ( ^ e )  4 ,000]
converted  in  th e  u sua l way to  the a c e ta te  (LXXXIX)
( 60 mg.) m .p. 255 -7°, n e e d le s  (from m ethanol)
£.45
2 3 5t i a x , 7*200* which r e ta in e d  m ethanol o f  s o lv a tio n  
te n a c io u s ly . Found ( in  a sample d r ie d  a t  120°/5  d a y s /
0 .1  mm.) 0 , 68 .05;. H, 7 .4 0 . °27H32°6 ,0 *5MeOH
r e q u ir e s  0 , 68.05? H, 7 .8 5 / .
3 fr-A oetoxy-11s17 a-d  i  o x o -17-hydro xyme th y lm e~D~homoandro s~ 
to n e  (XG)
fh e  b e s t  c o n d itio n s  fo r th e  p re p a ra t io n  o f t h i s  
compound were found to  be the fo llow ings A s o lu t io n  
o f  th e  D-hemoketon© (L?) (1 .0  g . ) in  benzene (15 c . c . )  
c o n ta in in g  e th y l fo rm ate  (0 .35  c .c .?  1 .5  M) was 
added to  a su spension  o f  po tassium  t-bu tox i& e 
(p re p a red  from potassium -400 mg. and t-b u ta n o l)  i n  
d ry  benzene (15 c . c . )  under n i t r o g e n ,  w ith  s t i r r i n g ,  
fh e  m ix tu re  was l e f t  fo r  16 hour© a t  room tem p era tu re  
a f t e r  which amyl f o ra a te  e . c . ) was added and th e  
t o t a l  m ix tu re  re f lu x e d  f o r  30 minute®. Worked up in  
th e  u su a l way gave an o i ly  a c id ic  f r a c t io n  (990 mg.) 
which had th e  l i g h t  a b so rp tio n  3*000 s h i f t in g
IflclX •
' 6  IZZ 9*000 in  a lk a l in e  s o lu t io n .
m o l ,  ♦
” A ttem pted b ro m in a tio n  o f  th e  17 -hydroxvm ethylene 
compound (XQ)
So th e  crude hydroxym ethylene compound (*130 mg.) 
i n  a c e t i c  a c id  (AH.? 10 c . c . )  c o n ta in in g  fu sed  sodium
a c e ta te  (250 mg.) was added a s o lu t io n  o f bromine in  
a o e t io  ac id  (AH.; 8 c . c . ;  2 M). A fte r  on® h o u r,
on s u i t a b le  work up an o i l  was o b ta in ed  which d id  n o t 
c o n ta in  bromine and s t i l l  showed the  l i g h t  a b so rp tio n  
£m ax . 5»000* A fte r  a c e ty la t io n ,  ( p y r id in e - a e e t ie  
an h y d rid e ) t h i s  o i l  was d is s o lv e d  in  a c e t i c  a c id  
(AH.f 15 o. o . ) and t r e a te d  w ith  a  s o lu t io n  o f  
chrom ic a c id  (3 M) in  a c e t io  ac id  (AR.; 15 c . c . ) .
A f te r  16 h o u rs  th e  r e a c t io n  was worked up in  the  
u s u a l way to  a f fo rd  a  se sn i-c z y s ta ll in e  ac id  (so lu b le  
I n  d i l u t e  sodium b ic a rb o n a te )  which d id  n o t m e lt up to  
3 2 0 I t s  d im ethy l (?) e s t e r  (p rep ared  by r e a c t io n  
w ith  diazom ethane) could n o t be c r y s ta l l i z e d .
5 P~Acetoxy~l l «17 a"* dioxo~I)-homo aadro b t - 1 6 -ene (XCI1)
When th e  above 17-bromoketone (800 m g.) was added 
to  c o l l id in e  ( a t  r e f lu x  tem p era tu re) p r e c ip i t a t io n  o f 
e o l l id in e  hydrobrom ide was judged to be com plete in  
I f  m in u te s . I s o la t io n  in  ch lo ro fo rm , a f t e r  th o ro u ^ i 
w ashing  w ith  h y d ro c h lo r ic  a c id  (3 M), a f fo rd e d  ( a f t e r  
f i l t r a t i o n  in  benzene s o lu t io n  th rough  a  s h o r t  column 
o f  alnm ina) th e  a8~ u n sa tu ra te d  ketone (XCII) (300 mg.) 
a s  n e e d le s  m .p. 170~2° ( e th e r )  ia lp  -3 2 °  ( c ,  2 .3 0 ) .
Pounds 0 , 73 .90 ; H, 8 .1 5 . ^22^30^4 r e q u ir e s
0t  7 3 .7 0 ; Ht 8 .4 5 $ . L ig h t a b s o rp tio n  \
225 aapj €  3,200* fhe U.V. spectrum  was 
s u b s t a n t i a l ly  unchanged in  p resence  o f the fo llo w in g  
reagent®  ( a l l  c o n d itio n s  anhydrous): MaOSt; KOMe
(2Q°G  ---- - 8G**C) ; HBr ( in  a c e t ic  a c id )  (2 0 °Q .).
fh en  this ap -u n s& tu ra ted  ketone (53 mg.) was d is s o lv e d  
in  3$ s o lu t io n  o f  so&ium in  a b s o lu te  e th a n o l (25 c . c . )  
Its ultra-violet a b so rp tio n  d id  n o t change even a f t e r  
16 hour®* fhe same happened when th a t  ketone (25 mg*) 
in s o lu t io n  in  a c e t i c  a c id  (AE.; 1 .0  c . c . )  was 
treated w ith  55$ s o lu t io n  o f  HBr in  a c e t i c  a c id  
(0*3 c . c . )  and th e  r e s u l t a n t  m ix tu re  l e f t  f o r  48 
lours.
th e  d e riv e d  oxime (XGUI) was p rep ared  d is s o lv in g  
th e  17a«hoiaoketone (190 m g.) and hydroxylam ine
h y d ro c h lo r id e  (200 m g.) in  p y r id in e  (AE. 5 5 c . c . ) ,
and leaving th e  r e a c t io n  o v e rn ig h t. On s u i ta b le  
work up th e  oxime formed r e c ta n g u la r  pl&tes (from 
aqueous m ethanol) m .p. 230- 2° (d .)  [a)p -  136°
(G, 0*40; p y r id in e ) .  Found: C, 7 0 .90 ; H, 8 .3 0 ;
B, 3 .9 5 . C22K31°4K r e 9u i r e s  c * 7 0 .75 ; H, 8 .3 5 ;
I ,  3.75$* L i # t  a b s o rp tio n : X max* 256 m/1? ^  8 ,350 .
S . 48
Schm idt r e a c t io n  on th e  3 P—Acetoxy-1 1 s l7 a -dioxo—B—h o m o - 
a n d ro s t- l6 -e n e
2o a s o lu t io n  o f  afM nasatu ra ted  k etone  (1 .0  g . ) 
i n  ch loroform  (40 e .c . )  co n ta in in g  s u lp h u r ic  acid  
(AH.; 7 c .c * ) ,  a t  0° and provided  w ith  v ig o ro u s
s t i r r i n g ,  (300 mg*5 1*5 M) was added in  sm all
p o r t io n s .  S t i r r i n g  was m ain ta in ed  fox' 30 m inu tes, 
fhe s o lu t io n  «|ras poured in to  ic e -w a to r  and then  
w rk e d  up in  th e  u su a l way to g iv e , to g e th e r  w ith  
s t a r t i n g  m a te r ia l ,  a yellow  p ro d u c t n o t so lu b le  in  
m ethanol (200 mg.) which c r y s ta l l i s e d  in  yellow  
p rism s (from ch i or oform-me t  hano 1 ) m .p. 320* 5° 
l* Jj) ~ 5 2 .7 °  ( c ,  0 .7 4 ) . A lthough i t s  a n a ly s is  
f i t s  f o r  th e  a p -u n s a tu ra te d  lactam  (Pounds G, 7 0 .60 ;
M, 8 .4 5 ; H, 4 .0 0 ; 022H31°4H re q u ire s  C, 7 0 .75 ;
E t 8 .4 0 ; H, 3 .75$) i t  was a d i f f e r e n t  compound as 
eeu ld  be seen  when th e  a p -u n s a tu ra te d  lac tam  was 
p rep a re d  in  a  d i f f e r e n t  way (see  below ). f h a t  yellow  
p ro d u c t had th e  l i g h t  a b so rp tio n  3 ,400 and
£  max l’h is  compound was n o t in v e s t ig a te d
f u r th e r .
A ttem pted Beckmann Rearrangem ent to  3 (3-A cetoxy-l l : 17 a~ 
d io x o -17b-aga-I)b ishomoandro s t - 1 6 -ene (XOIV)
So a s o lu t io n  of the fo re g o in g  oxime (200 mg.)
H. 49
in  p y r id in e  (2 .5  c . c . )  was added a s o lu t io n  o f  
l^acetam inobenzenesu lphony l c h lo r id e  (200 mg.) in  
p y r id in e  (1 .25  c . c . ) .  A fte r  3 hours a d d i t io n  o f  
w a te r and chloroform  i s o l a t i o n  gave on ly  unchanged 
oxime as  d id  experim en ts u sing  e i t h e r  bensene/K fl^
( c f .  B a rn es , B arton , Baw cett and fhom as, £ . ,
1952, 2339) o r  th io n y l c h lo rid e  (Began and Hayes,
£ .  Am. Qhera. S o c ., 1956, JQ,  639). 
5fi~AcetQxy~lI$ 1 7 -d io x o -l6-»'brom oandrostane (hlXXV)
To th e  d ik e to n e  (XuIT) (1 .00  g . ) in  a c e t i c  ac id  
(AR.; 20 c . c . )  c o n ta in in g  hydrogen bromide (50f*
s o lu t io n ;  5 drops) was added a  s o lu t io n  o f brom ine 
(463 mg. 1 .0  M) in  a c e t i c  a c id  (AR, 13.10 c . c . ) .
A f te r  3 h o u rs  c a .^ /4  o f  the co lo u r had been d isch a rg ed  
(rough v is u a l  e s tim a tio n  employing b lank  s o lu t io n s ) .  
I tp r th e r  HBr s o lu t io n  (5 drops) was now added w ith  
v ig o ro u s sh ak in g . iJhe r e s u l t a n t  p a le  ye llow  
s o lu t io n  was now poured in to  w ater (200 c . c . )  and 
e x t r a c te d  w ith  ch loroform  to  y ie ld  ( a f t e r  w a te r and 
HaRCG  ^ washing) a s  the  main p ro d u ct a m ix tu re  o f  mono- 
and d ib rom ides, m.p* 173-6° ( s o f te n in g  160°) [ a 3^
* 267 .5° ( c ,  1 .2 7 ) .  R epeated c r y s t a l l i s a t i o n  from 
e th y l  a c e ta te  a f fo rd e d  mixed c r y s ta l s  la r g e ly  
c o n s is t in g  o f th e  dibrom ide m .p. 195-7° [a ]^  ♦ 230°
( e ,  0 .4 0 ) .  Founds Q, 53.00! H, 5 .8 5 . C ^ E ^ G ^ r  
r e q u ir e s  0 ,  59 .30 ; H, 6 .8 5 . C2 lE2804B,'2  r e q u ir e s
Gs 50.GO; II, 5•60^-. F u rth e r  p u r i f i c a t io n  o f m a te r ia l  
reco v e red  from tre a tm e n t o f  the t o t a l  r e a c t io n  m ix tu re  
(above) w ith  p e r t r i f l u o r a c e t i e  ac id  a ffo rd e d  the 
monobromo ketone  (LX1X?) as p la te s  ( e th y l  a c e ta te )  
su p . 183-5* Calp + 125° ( c f 1*06), Founds G, 58*90;
H, 6.65J&*
A ttem pted la c to n ie e t io n  o f  t h i s  bromoketone u s in g  
p e r t r i f l u o r a c e t i e  a e id  f a i l e d  com plete ly  (a s  in  th e  
ease  o f  th e  homologous bromide)*
i r r a d i a t i o n  o f  3 fi-B ydroxy-11*20-d f  oxo-18 -ben g y lid en e -14- 
ig o - 1 7 - i sc a llo p reg n an e  (I»X)
A s o lu t io n  o f the d ik e to n e  (270 mg*} in  be nssene 
(AH; 30 e«c*) co n ta in ed  in  a s i l i c a  te s t - tu b e  was 
i r r a d i a t e d  w ith  IT.7. l i $ a t  (sou rce  10 mm* from tub® 
b ase ) a t  r e f lu x  tem p era tu re  under n itro g e n  fo r  25 hours* 
lu r in g  t h i s  tim e a l iq u o t  sam ples were w ithdrawn and 
s t a t i o n ©  determ ined* She r e s u l t s  a re  shown in  
f a b le  I*
l a b l e , I
lime ( t o s . )  U ] D ( e ,  0 .9 0 ,  benzene)
0 -  48°
5 -45*
1 3 .5  ' -2 2 °
25 -14*
She s o lu t io n  was now evapora ted  and ohromato graphed 
in  benaene o v er s i l i c a  g®1* i?rom the  e a r ly  f r a c t io n s
a ln te d  w ith  b en zen e -e th e r (1 : 1} was o b ta in ed  th e  
s t a r t i n g  m a te r ia l  tm .p*, mixed m .p ., (a ]$ ~ 26°
( e f 1* 0 )] w h ils t  f r a c t io n s  7 - 9  (85 mg*) c o n s is te d  
o f  a lm ost pure  Mlu m i41-d ik e  tone (1XX?II) n e e d le s  
m .p .s  130’ and 178-81° [a ]D + 10° (o , 1 .8 0 ) .  Bia 
m ixed sup* d e te rm in a tio n  o f  th e  iso m eric  ketone a 
showed s o f te n in g  a t  130° and l a t e r  unsharp  m e ltin g  
b eh av io u r (180-5^) • IA sample of th e  Ulu in it? 
d ik e to n e  was m e lted  (130°) and h e ld  on th e  K o fle r 
b lo ck  a t  1 3 0 -5 ° f o r  5 m ina. On ooo ling  to  60° a  
mass o f  p r is m a tic  n e e d le s  grew from th e  m e lt, 
fh e se  now m elted  a t  155-70° w ith o u t s o f te n in g  a t
5.52
H ydrogenation
( a) 3f3~Hy&roxy-lls 2 0 -d io x o -1 8 -b en zy lid en e-1 4 ~ iso ~ 17- 
ijjo a l io  pregnane (62 mg*) was added to  p r e s a tu ra te d  
p a l la d is e d  ch a rco a l (10p; 50 mg.) in  e th y l a c e ta te  
(5 e . o . ) .  A fte r  shak ing  fo r  24 h o u rs  under hydrogen 
(0 .96  If ah sorbed) c a t a l y s t  was removed by f i l t r a t i o n  
and th e  so lv e n t ev a p o ra ted . R e c ry s ta l l is e d  from 
e t h e r , 3 fi-hy&rox y - l l  12Q-d io :^ ~ lS~b en zy l-1 4 - l  so-17~ 
ig o a llo p re g n a n e  (LXXVIII) formed lu s t r o u s  p la te s
m .p. 193-4° l o t 0 + 2° ( e ,  1 .0 )  (no s ty r y l  a b s o rp tio n  
i n  th e  u l t r a - v i o l e t ) .
(b) When th e  f>lu m iw d ik e to n e  (41 mg.) was hydrogenated  
under i d e n t i c a l  c o n d i t io n s ,  the same benzyl d e r iv a t iv e  
was o b ta in e d  as p la te s  (40 mg.) m .p. and mixed m .p. 
192-4° U ) B -  1 .0 °  (+ 1°) ( c ,  3 .0 ) o founds C, 79 .60 ;
Ht 8 .9 0 . C28H38°3 r ©<iu i r e ® 79 .60 ; H, 9 .0 5 ^ .
^fi^Aoetoxv—11t17a-d ioxo-17b—aza-B -bishom oandrostane
(XOVI)
fo  a m ix tu re  o f  3P -acetoxy -lls l7 a-d io x y -B -h o m o an d - 
ro s ta n e  (0 .7 2  g .)  in  chloroform  (14 c . c . )  and su lp h u r ic  
a c id  (AH? 4 .0  c . c . )  was added sodium a s id e  (200 mg.) in  
sm all p o r t io n s ,  th e  tem p era tu re  b e in g  m ain ta in ed  a t  
Q«r5° w ith  ic e - c o o l in g .  A fte r  30 m inu tes the  r e a c t io n  
m ix tu re  was poured in to  crushed i c e .  A fte r  i s o l a t i o n
s .  5 3
i n  ch lo ro fo rm , w ashing w ith  sodium hydrox ide s o lu t io n  
and w a te r , ev a p o ra tio n  fu rn ish e d  the  lactam  (0 .6 0  &.) 
as  lu s t r o u s  p la te s  (m ethanol) m .p. 278-9° ( a f t e r  
su b lim in g  in to  n e e d le s  a t  230-5°) [a ]^  -7 6 .5 °  ( e ,  1 .0 1 ) . 
S ig h t  a b s o rp tio n  (m tjo l)  3175, 3057 can"1 (-KH s t r . ) ,
1727 om"1 (OAc), 1706 cm-1  ( >0 = 0 ) ,  1667 cm-1  
(lactam >0 = 0) , 1247 cm-1  (OAo). Found* 0 , 70.05}
H, 8.50} ?f, 3 .9 5 . C22Rj , 0 4N r e q u ir e s  0 , 7 0 .3 5 ;
H, 8.85} K, 3.75%.
A ttempted dehydr a t io n  w ith  T hlonyl Chlor id e  (K r in i t ik y  
and C a rh a r t , O rgan!c S y n th e s is , 32? 65-
The lactam  (XC?I) (200 mg.) in  dry benzene (10 e . c . )  
was t r e a te d  w ith  f r e s h ly  r e d i s t i l l e d  th io n y l c h lo r id e  
(0 .5  e* o .)  and the  m ix tu re  h ea ted  a t  30° fo r  4*5 h o u rs .
I 03- w ate r decom position  o f the  ex cess  o f  re a g e n t and 
i s o l a t i o n  in  th e  u su a l way gave a brown gum (180 mg.) 
which showed no s e le c t iv e  a b so rp tio n  in  th e  u l t r a ­
v i o l e t  betw een 220 and 300 mp as w ell as  in  th e  in f r a ­
r e d  betw een 2 ;24Q and 2260 (no -  G s S  g ro u p in g ).
5 fMKydroxy-l l - o x o - lB -b e n z y lid e n e -13 (17 )-g e c o a e tio c h o l-  
lg -e n e -20 -o a rb o x y li  o a c id  (1X1)
As a r e s u l t  o f  many ex p erim en ts , the  fo llo w in g  
sequence was found m ost s a t i s f a c to r y .  The fo reg o in g
lac tam  (1 .0  g .)  was h ea te d  under r e f lu x  fo r  5 h o u rs  
w ith  a c e t i c  anhydride  (50 c . c . )  and sodium a c e ta te  
( fu se d ; 3 g , ) .  I s o l a t i o n  i n t o  n e u t r a l  and a c id ic  
f r a c t io n s  fu rn is h e d  th e  d iaoylam ide (XGIX) ( o i l j  
600 mg. ? g f r l  6,400} and th e  ac id  (XCVIII) ( o i l ;  
596 mg*I 5 ,1 0 0 )  r e s p e c t iv e ly .  The crude
a c id  (XCVIII) was now t r e a te d  w ith  bens&ldehyde 
(0 .5 g .)  in  e th a n o l (50 c . c . )  c o n t a i n i n g  dry  hydrogen 
c h lo r id e  (4 0 $ ). A fte r  16 h o u r s  a t  room tem p era tu re  
th e  r e s u l t a n t  r e c o v e r e d  e s t e r  was h ydro lysed  w ith
h MJiarmawM w  V
sodium h iea rb o n a te -m e th a n o l  ( e x a c t l y  as  d e sc rib ed  
i n  page £ 2 6 ) .  I s o l a t i o n  i n  th e  u s u a l  way a ffo rd e d  
th e  b en sy lid e n e  a c id  (111) a s  y e l lo w  prism s m .p.
(m ethanol) [ct]p + 294° (c ,  0.37? p y r id in e )  
id e n t i c a l  in  e v e ry  r e s p e c t  w i th  th e  a c i d  p rep ared  
V ia t h e  la c to n e  (1 V II)  ( s e e  page E.ZS) . The y ie ld  
o f  a c id  (XCV III) c o u ld  he im proved  by t r e a tm e n t  
©f th e  d ia c y lamide (XGIX) w ith  a s o l u t i o n  o f  sodium 
hyd rox ide  (0*5 Nf 25 c . c . )  in  e th a n o l  (50 c . c . )  
f o r  16 h o u rs  a t  room te m p e r a tu r e  [o f . B a tte r s b y ,
# . Ghnu S e e ., 1356, 2076]. I n  a ty p ic a l  experim ent 
d iacy lam ide  (54 .6  mg.) y i e l d e d  th e  a c id  (XCVIiI) as 
an o i l  (3 0 .3  mg. € ^ x .  4 ,8 0 0 ) . O ther ex p erim en ts , 
in c lu d in g  I -n i t ro s & tio n  e ith e r*  b e f o r e  o r  a f t e r
r in g -o p e n in g  and base-.p .ata lysed  lactam.- h y d ro ly s is  
under a wide v a r ie ty  o f  c o n d itio n s  le d  to  i n f e r i o r
y ie ld s  o f  the  r e q -aired s c c q —p c id •
i n  a ttem p ted  ^ e l i m in a t i o n  u s in g  0.2M FOH-EtOH only  
h y d ro ly s is  o c c u rre d , y ie ld in g  th e  lactam  -3 p -o l*  
f h l  ® was e lu te d  from s i l i c a  ge l by e th e r—m ethanol 
( 9 s i )  ana c r y s t a l l i s e d  in  needle© from m eth an o l, 
s u p . 259-62° [al-j, -  73 .2° ( c ,  0 .6 6 ) . Founds 
0 , 7 2 .5 0 ; E , 9 .4 5 ; E» 4 .5 0 . r e q u ir e s
0 , 7 2 .0 5 ; H, 9 .3 5 ; If, 4 .20?'. On a o e ty la t io n  t h i s  
compound re g e n e ra te d  the 1 a c ta m -3 6 -a c e ta te .
3 fi-A cetoxy -1 7 -b ro m o -l1 :1 7 a-d ioxo -17b~ asa-B -b ishomo- 
a n d ro s ta n e  (0)
3 B~Ac s to  x y -11:17 a -d io  xo-1 7 -bromo-B-homo andro s t  an e 
(3 , 10 g . ) i n  ch lo roform  (60 c .c * )  was t r e a te d  w ith  
s u lp h u r ic  ac id  (AS; 16 .8  c .c * )  and sodium a s id e  
(730 mg.) as in  th e  cognate p re p a ra t io n  d e sc r ib e d  
above. The r e s u l t a n t  brom o-laotam  (3*0 g .)  reco v ered  
firom th e  ch lo roform  e x t r a c t  wa© c r y s ta l l i z e d  from 
e th y l  a c e ta te  a s  p rism s m .p. 183-5° * 12° ( e ,  1*09)
found: 0 , 58.15? H# 6.80? 3 .45s B r, 1 7 .9 .
C22H^2° 4HBr r e q u ir e s  C, 58.10? H, 7.10? I ,  3.10?
B r, 17 .60$ .
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3 P—Aoetoxy—1 1 s17 a-dioxo-17b~aza«-X>—biahomo andro s t~ l 6 - 
ene (XCIY)
The above bromolaetam (560 mg*) was added to 
r e f lu x in g  c o l l id in e  (b a th  tem p era tu re  1 9 0 °). A fte r  
f i f t e e n  minute© p r e c ip i t a t io n  o f  c o l l id in e  hydro - 
brom ide was judged to  be com plete and a f t e r  a  f u r th e r  
3 m in u tes  the  (co o led ) m ix tu re  was d is s o lv e d  in  
C hloroform , th e  c o l l id in e  removed in  h y d ro c h lo r ic  ac id  
s o lu t io n  (6 I )  and th e  e x t r a c t  washed w ith  w ate r and 
ev a p o ra ted  to le a v e  th e  crude a(3~u n a a tu ra te d  lactam  
(XOIV). Chromatography o ver alum ina a ffo rd e d  a 
f r a c t i o n  e lu te d  w ith  e th e r-m e th an o l (9*1) which 
c r y s t a l l i s e d  as p rism s (e th y l a c e ta te )  su p . 262° 
(su b lim in g  In to  p l a t e s ,  a t  230°) [a ]p  -  9 4 .5 °  ( e ,  0 .9 2 ) .  
L ig h t ab so rp tio n s  X X sh o u ld e r 230-40 mp? £3>000 * 
( lu ^ o l)  3356, 3150 cm-1  {-SH s t r . ) ,  1725 cnT1 (OAe), 
1711 em“ X ( > 0  = 0 ) ,  1675, 1648, 1620 em-1  (a p -  
u o a a tu ra ta d  lac tam '* ), 1255 om“ X (OAo). Found*
0 ,  70*70} H, 8,60} I ,  4 .1 0 . °22H3 l°4 H
« # 70.75} H, 8.40}  S ,  3 .75$ .
* Of. Edward© and S ingh , Pan. J .  Ohem. , 1934, £ 2 , 683.
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B a se -c a ta ly se d  opening
Iinr i n n a m i . * . i i ....................................................... ....  vtmn M
A s o lu t io n  o f  th e  a(3-unsatur a te d  lac tam  in  0 ,2  M 
s o lu t io n  o f  po tassium  hydroxide in  e th a n o l (50 e * e ,)  
was re f lu x e d  ( steam bath  ) under n i tro g e n  fo r  1 h o u r. 
H eating  was m a in ta in e d , a f t e r  a d d i t io n  o f  w a te r  (10 o .o .)  
f o r  a f u r th e r  2 h o u rs . Worked up in  th e  u su a l way 
gave an a c id  f r a c t io n  (o il*  50 mg.) hav ing  th e  l i g h t  
a b s o rp tio n  7 ,0 0 0 , and a n e u t r a l  f r a c t io n  ( o i l sB&X •
120 mg.) h av in g  the l i g h t  a b so rp tio n  5 ,5 0 0 .
When th e  above lactam  (50 mg.) and fu sed  sodium 
a c e ta te  (150 mg.) were d is so lv e d  in  a c e t i c  anhydride  
(20 c . c . )  and the  s o lu t io n  re f lu x e d  fo r  a  lo n g  tim e 
(50 m in u tes  -  10 ho u rs) th e  u l t r a - v i o l e t  a b so rp tio n  
Spectrum showed th a t  ^ -e lim in a tio n  had n o t tak en  p la c e .
5 ff-K ydroxy-l l -o x o -13 (1 7 )- s e c o a e tio c h o l-1 2 11 6 -d ie n e -2Q- 
o a rb o x y lic  a c id  (01)
When th e  above lactam  (300 mg.) was t r e a te d  w ith  
a  s o lu t io n  o f  cone, h y d ro c h lo r ic  a c id  (2 .5  c . c . )  in  
g l a c i a l  a c e t i c  a c id  (ARj 22.5  c . c . )  on th e  steam b a th ,  
exam ination  o f th e  u l t r a - v i e l e t  spectrum  o f  a l iq u o ts  
removed a t  s u i t a b le  i n t e r v a l s  re v e a le d  th a t  £ J&f&Xa
10,800 was ach ieved  a f t e r  15 h o u rs . The s o lu t io n  
was poured in to  w a te r  e x tra c te d  w ith  e th e r  and th e
J3.58
o rg a n ic  la y e r  washed w ith  w a te r. Hie a c id ic  f r a c t io n  
was i s o l a t e d  in  sodrum hydroxide s o lu t io n .  A c id if ic ­
a t io n  and working up in  th e  u su a l way a ffo rd e d  the  
seoQ -acld  a s  an o i l  (220 mg.) 10,800 which wasIHctXe
used  d i r e c t l y  fo r  th e  n ex t s te p . l’he n e u t ra l  f r a c t io n  
(100 m g.) was d is s o lv e d  in  benzene (2 .0  c . c . )  and 
t r e a te d  w ith  r e d i s t i l l e d  th io n y l c h lo r id e  (0 .2  c .c # ) .  
fhe  m ix tu re  was h e a te d  a t  80° f o r  3*5 h o u rs . A f te r  
s u i t a b le  w orking up th e  gummy p ro d u c t th u s  o b ta in e d  
had no s e le c t iv e  a b so rp tio n  in  th e  u l t r a - v i o l e t  
between 220-300 mp showing however a band in  th e  in f r a ­
re d  a t  2217 cm~* (-0  ~ 1 ) .
50-H ydroxy-H s2Q-d io x o -18-b e n z y lid e n e - l 3 (17)- e e c o a llo -
flire&n&-l 2 116-d ie n e  (OIT)
When th e  above crude ad id  (200 mg.) was d is s o lv e d
in  a  s to c k  s o lu t io n  o f benzal& ehy& e-ethanol-hydrogen
c h lo r id e  a l iq u o ts  re v e a le d  t h a t  f  22,600 wasmax.
a t ta in e d  in  20 hour© a t  room te m p era tu re . S s te r
h y d ro ly s is  and w orking up (see  p ag e£2.6 ) y ie ld e d  th e
crude b en zy lid en e  ac id  (CX) as a p a le  ye llo w  o i l
C 22 ,500 . I h i s  was tran sfo rm ed  to  th e  o i ly^  max*
m ethyl k e to n e  (GIT) a© d esc rib ed  f o r  th e  p re p a ra t io n  
Qt ( b i t )  (H.C0G1  » H.00.CHIir2 — » R.CO.Me;
see pageEBC).
E.59
A ttem pted C yeli s a t i o n  o f (Cl?)
The crude seco-ke tone showed no change in  th e  
U .¥. spectrum  a f t e r  p ro longed  re  f lu x in g  w ith  0 .2  M 
po tassium  e th o x id e  s o lu t io n .  When th e  seee-k e to n e  
(500 m g.) was d is s o lv e d  in  benzene (3 c .o . )  and 
added to  a  s o lu t io n  o f  po tassium  (0 .5  g . ) i n  dry  
t- b u ta n o l  (22 c . c . )  and allow ed to  s ta n d  a t  room 
te m p e ra tu re  f o r  16 h o u rs  an  a l iq u o t  sample showed 
m  s e l e e t iv e  ?*?* a b s o rp tio n  in  th e  re g io n  230-330 mp.
